NASA-CR-138136) DAiA OBTAINED 

B4BII6B TCPOGBAPHIC XSF0BM4TX0 
FBOH GEOOMD-BASED BW» ME S ^^ fo£cia 
AND fa / ° / M ^ ft£I ^ fi | 6 6 25 ClCl_0iB, 


H74-2244B 


rxu^ 


■ v x-? v- V'- •• 

V 'i : y* { / • , , / /■ * "" v ^ Av 

' )! // - •' • , ’ 't -/• ' • y ' v ' -tV- ’ H 


A- 


i 


^3sm 

/•' ' ■>-' ~ ) ■ ; TT7 h< 37 ■ • > i •) •.'■" — ■ 

r ‘ * :W , ,, •/V ) ^ . y y , • ; 

'• - -X ?*.■*■ v~y-.y 

/ V [ <‘ ' ■'-■ >C v -7^ 


V<? 


I**:- 

v r 1 . 


■\ v C 


I f 

,:f ' 'dl' s '■ ‘ ’. s'-'-'.'./s''; <■ ■ 4 , ■•■■,■ \\ 

j^ v „ , a; - - . • . . f &V ''.fW^L'^f 0RT-; a ; '1' ' ■ ' S 

A;>^/k Ay : --T <i‘. Gt»nC «^SvC«^0^T^3Tcr ''XovA 4'1 M 

y . '• AA' *. k. - \?S •.,. ;i -~‘fA •*- v, - . •. A « *«£A” X \1 > n_ /'. ; k . k 


•! /-V * a \ V , • 7 ,<?4 11 •;• v l '■■•'■ .- ra . . a '*' , •. , A.- . S.^’A ^ \j| A v A ■'- . ' ' A' 

l- -• r -K Ay a ■/■' V ' ■■yfy- j i Data- Processing- of rMattian T c 0pographi c 

v> 4 ■. :;y. v v4. > . JA/AA -A V«.>Ay / i . A ''•‘AkAA/ 

- v k -- ' f 'k'. . /^a. i /• ' r . information Obtained :f rom Gr,ound-B ased ' r J 

'■■yyyyjyy sav'. 1 :^ ? yy 


r'o/f v Vk^i 


y \ ^ 1 > n . k~\ C '-'7^ 

N V V ■ k •r j ./-'>■- j f< ; "... . 

' ' y •■“■-' — '* 


"V" 


./. ' \u Radar '& Spectrdscdpy & f rorp Mariners ,6 & 7 . 

"kk; : '-rkV ■ ,k 7 - -feV yyy 


' ' ;.\ > - -•■’ . ^> s * • < V ^ ' ,. . , f ■( ;- y,- - ... U \ x i: ,^ . ^ -. 7 \ r, vs. - ■ ■ ^ ^ ^ v - - *; 7 - 

r - - * < -k ■ ' Marti an Tdpdgraphj Elevations :k v kv-^ k ' M: 

m^&m : xrnmmymymm 

-■. T . ■ 1 .' . t- . .. '-.v - ' ’ .. .iWj?' . <_ ■ .0 /-j hi ■ * 7/01 /‘to • ■ -•' v >^* '.. i (v.; x ..* ■ .- 


:■■ 3k .«>•. c>.- ';;y> ' , ;,-.s f 2/1/71 ^.7/31472^ y..yyk-r: ■■ .. 

’-j . -•. ' ,\\ :-;-X ; xXv' • v’ k,,'' - j;,Ww;x r ••vk-r i-h-<yA.y •'.. 

vx ’• , 1 r -k- -/-.. "/' “ Prtnci pa3 ^Investi. gator Anderson v ; 

>•> •■’■ yX ^ k' y -yyry \y ; ,t l v ' At • kXk 

*••* *•*' 1 • • A J*-' .■'•'■ * *i if v i 1 ji 1 -ki ■ -i A .J ‘ V\ ‘V ^ \** V x (A-* 7-'' 


^ 'W*' 


" :/ y y c -' ■. ; vk t c yy A > AA3'-i ; kf , mwcX ^ M'yy i A 'X /A A A 

'A 'A-' '\, : kA ■ A4 ^' AsA'.; >.-r '' f-A ./ ; A-| ^ ’t i ■ • K/" A ;•. :> ( A‘/ > .A 

;.-Av ~ ^ - A :? f> ■ ' '■ > A Se : ri^}j^Al^s;up.-W' l k / X ' *” 

■ / a- ■ a v / '• -A )■ '/ (£.;■{ - '-w/ i f ' ; x ' ' '-x v .'V " vi ■ 

.5 ... - Vw U.- J - T a ‘ ..!•■ m'A 1 -■'? -\.) ' V X A. , A . ■■'. \n» -A ■ 

?■< w'.jAjJ. 3;4'../44;;4; i»««F»siiMF:ijiflfniiiiii 


UNIVERSITY OFCflLIFflRNIA, BEflKELElf 


, , ' . -'... n a 7 :-^ 7 ••.-,• AAA -A 44 u iirv L/li OJ 11 u iA.unj. 11 u 

4 Ay ; ;• . / - v c y r;«4 yy ? A - . ■%' s <7 ' J A O. &l ' ' t a 4 

■' HxA/A > a .-4 -:: % yy A-:.; y:AyA, -v y 


v •' ' . •. <\ y ' - ,;v 

■A nil ■ 1 n mu r ■ 

'-4 v- V ' 


3 ' :fT. v >y />■ As' A kX ! y/ 
s -< v s ^y-/44 yy.,-A>- ’ / ■ /,■ f ' : Ay/w/ 









Space Sciences Laboratory 
University of California 
Berkeley* Calif. 94720 


FINAL REPORT 

NASA Grant NGR 05-003-431 

Data Processing of Martian Topographic Information 
Obtained from Ground-Based Radar & Spectroscopy & from 

Mariners 6 and 7 

Martian Topography Elevations: Data Processing 


(2/1/71 - 7/31/72) 


Principal Investigator 
Professor Kinsey A. Anderson 

Project Director 
Dr. R. A. Wells 


March 14, 1974 


Series 15 Issue 14 



- 1 - 


Martian Topography Elevations: Data Processing 
Final Technical Report NASA Grant NGR 05-003-431 

NASA Grant NGR 05-003-431 was awarded to the Space Sciences Laboratory a 
University of California, Berkeley on the basis of proposal UCBSSL No. 385 
(Revised). The Principal Investigator was Professor K. A. Anderson, Lab ora to ry 
Director; and the Project Director was Dr. R. A. Wells, 

The funds were administered for the purposes of i) preparing a topographical 
elevation contour map of Mars from all data sources available through 1969, in- 
cluding ground-based radar and spectroscopic CO^ pressure measurements and the 
Mariners 6 and 7 pressure observations; and ii) of partially financing an expedi- 
tion to Cerro Tololo Observatory, La Serena, Chile to obser;j Mars by spectroscopic 
methods in 1971 to provide additional pressure data for topographic information. 
This report presents the final results and is comprised of the published 
papers that appeared in the scientific literature as a result of funding from 
NGR 05-003-431. Funds were dispersed before the project could be completed, and 
a renewal proposal to continue the project was not re-funded; however, marginal 
support was made available to the Project Director through the Space Sciences 
Laboratory general operating funds of NASA for its continuation. This Utter 
funding has resulted in the preparation of a textbook. Morphology of the Planet 
Mars by R. A. Wells, which incorporates all of the topographic information funded 
by NGR 05-003-431 as well as additional Earth-based data and the Mariner 9 obser- 
vations obtained in 1971-72, This text is currently in preparation at D. Reidel 
Publishing Company, Dordrecht, Holland with scheduled release date approximately 
in the Summer of 1974. Although the work contains more than just the topographic 
material referred to above, it can be considered an additional summary for 
grant NGR 05-003-431 . 
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Fol lowing is a list of conference papers and lectures given by the 
Project Director during the operation of NGR 05-003-431. Following that is a 
list of the published papers based on NGR 05-003-431 funding. The last item in 
that list regards the Cerro Tololo results in (ii) of the preceeding page, but was 
not co-authored by the Project Director— a credit line at the end of that paper 
acknowledges the Project Director's contributions to the experiment. Since the 
Project Director did not participate in the preparation of the Cerro Tololo paper, 
it is accordingly not included with the papers given in this report— a discussion 
of the results of this experiment can be found in Morphology of the Planet Mars. 


Lectures & Conference Papers given by R. A. Wells ( NGR 05-003-431; not includ ed here) 

1) "Topography of Mars", Geolog. Soc. Amer. , NASA sponsored Mars Symposium, 

Washington, D. C,, Nov. 1-3 (1971). 

2) "Martian Topography: Final Contour Map from all Data Sources Through 1969", 

Amer. Astron. Soc., Div. Planetary Sci . Conference, Kona, Hawaii, 

March 20-24 (1972); appears as an (abstract) by the same title in: Bull. 

Amer . Astron . Soc . , , 372 (1972). 

3) "Martian, Lunar, & Terrestrial Crusts: A Three-Dimensional Exercise in 

l 

Comparative Geophysics", Amer. Astron. Soc., Div. Planetary Sci. Conference, 
Kona, Hawaii, March 20-24 (1972); appears as an (abstract) by the same title 
in: Bull. Amer. Astron. Soc., 4, 374 (1972). 

4) "Martian, Lunar, and Terrestrial Crusts: A 3-Dimensional Exercise in Comparative 

Geophysics", NATO Advanced Studies Institute, Univ. Newcastle-upon-Tyne, 
England, April 10-19 (1972); for published report see (.5) in following 


list. 
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5) "Results from Mariner 9 and Martian Topography", special seminar, Physique du 
Systeme Solaire, Section d‘ Astrophysique, Observatoire de Paris, Meudon, 

France, April 25 (1972). 

Publ i shed Papers by R.. A. Wei 1 s ( NGR 05-003-431 ; i ncl uded i n thi s report ) : 

1) "Analysis of Large-Scale Martian Topography Variations*- I: Data Preparation from 

Earth-Based Radar, Earth-Based CC> 2 Spectroscopy, and Mariners 6 and 7 C0 2 

Spectroscopy", Geophys. J. Roy. Astron. Soc., 27, 101 (1972). 

I “' L 

2) "Relief-Darstel lung der Marsoberfiache", (in German), Umschau, 72, 293 (1972). 

^ 

3) "TOnOTPA^Mfl MAPCA no £AHHblM HA3EMHblX PA^HOJlOKAUMOHHblX M3MEPEHHtf 1A 

no HABJliOMEMOMy C 3EMJ1M V\ C KOCMMMECKMX AnnAPATOB f MAPMHEP-6 M 7 9 
nomoiUEHMiO C0 2 " , (in Russian), Astron . Zhur ., 4£, 607 (1972). 

4) "Mars: Are Observed White Clouds Composed of Water?", Nature , 238, 324 (1972). 

5) "Martian, Lunar, and Terrestrial Crusts: A 3-Dimensional Exercise in Comparative 

Geophysics", in Implications of Continental Drift to the Earth Sciences , vol. 2, 
ed. by D. H. Tarling and S. K. Runcorn, 1099, Academic Press, London (1973). 

A detailed discussion of Earth-based and Mariner spacecraft observations of Mars 
can be found in (preliminary announcement only, included here): 

6) Morphology of the Planet Mars , R. A. Wells, D. Reidel Publ. Co., Dordrecht, 

Holland, in preparation (1974). 

i 

The results of the Cerro Tololo CO^ mapping experiment was issued as (not included here): 

7) T. D. Parkinson and D. M. Hunten, "CQ^ Distribution on Mars", Icarus , 18, 29 (1973). 



Geophys. J. R. astr. Soc. (1972) 27, 101-133. 


Analysis of Large-Scale 
Martian Topography Variations — I 

Data Preparation from Earth-Based Radar, Earth-Based C0 2 Spectroscopy, and 
Mariners 6 and 7 C0 2 Spectroscopy 

R. A. Wells 

(Received 1971 July 23) 


Summary 

Four series of investigations have produced data on Martian topographical 
variations at spatial resolutions ranging from about 100 to 1000 km. These 
experiments were based on the two independent techniques: direct radar 
ranging of surface heights on Mars and spectrophotometric observations 
of absorptions produced by C0 2 molecules in the Martian atmosphere. 

Primary problems associated with the preparation of a systematic 
distribution of surface heights from the four data sets involve the 
determination of a zero altitude level common to all sources and the 
reorganization of the data points onto a regular grid network. The results 
of this data combination process are the production of a surface height 
contour map and the preparation of a table of surface heights spaced on a 
5 D x 5° grid interval. Only the contour map and difficulties associated 
with the data preparation are presented with this article; the 5°-grid data 
form a part of a more detailed analysis of Martian height variations which 
will follow in a second paper. 

Briefly, Mars possesses unexpectedly pronounced topography which can 
have important geophysical consequences. The contour map of Mars 
clearly reveals a structural complex of blocks and basins whose distribution 
enhances the magnitude of low-degree surface harmonics. 


1. Introduction 

The planet Mars has long been the target of many kinds of astronomical 
observations. Of all the bodies in the solar system, Mars possesses unique observa- 
tional characteristics. Its periodic close approaches to the Earth permit relatively 
high-resolution ground-based studies to be made: its atmosphere, sufficiently dense 
for . spectroscopic observations, is nevertheless thin and clear enough to enable 
features on the surface to be seen. As a relatively large member of the ‘ terrestrial ’ 
group of planets with two moons, it also presents the possibility of having responded 
to highly interesting geodynamical processes. 

A comprehensive knowledge of the topographical relief at all scales on Mars is 
fundamental in the continued observational and theoretical exploration of the planet. 
Such information on large scales bears not only on the shape of the surface itself, 
but also on the relationships with stress/strain effects in the outer crustal layers, the* 
state of the interior of the planet, and influences on dynamical motions in the 
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atmosphere. Smaller-scaled relief provides data on environmental processes such as 
regional structuring, localized weather effects, and mass transport of various 
atmospheric constituents near ground level. All of these phenomena can affect the 
choices of landing sites for future spacecraft missions. Many facets of scientific 
interest would thus be served by a more precise morphological definition of the 
Martian surface. 

Large-scale relief measurements, with which this report is concerned, have been' 
derived from two theoretically independent techniques. One is radar ranging, in which 
surface heights at the Martian sub-Earth points are directly related to delays in 
returning radar echos; and the other, high-resolution C0 2 spectroscopy, in which 
the abundance of C0 2 in vertical columns above spatially limited areas is deduced 
from absorptions in particular C0 2 bands. The abundance deter urination provides a 
value for the surface pressure of C0 2 which can be converted to a surface altitude 
above some zero upon adoption of a particular atmospheric model. 

Since 1967 these two techniques have been utilized by four diverse groups of 
investigators. These sources are: (1) the 1967 radar measurements by Pettengill 
et al. (1969), and the 1969 radar determinations by Rogers et al. (1970) using the 
Haystack facility; (2) the 1969 radar measurements by Goldstein et al. (1970) using 
the JPL Goldstone antenna; (3) the ground-based C0 2 measurements made at the 
Kitt Peak National Observatory by Belton & Hunten (1969, 1971) and Wells (1969a); 
and (4) the Mariner 6 and 7 C0 2 observations of Herr et al. (1970). In addition, 
data from the UV experiment on Mariners 6 and 7 were utilized to deduce surface 
heights from pressures calculated from U.V albedos (Barth & Hord 1971). However, 
since this method can be strongly influenced by localized brightness variations 
caused by fluctuating aerosol distributions in the atmosphere, no attempts were 
made to include these data in this analysis. (Since this report went to press these 
data have been finalized and will be included in Paper II.) 

This paper presents a combination of the above data sources into a homogeneous 
system of surface heights. Each source is treated under the separate headings 2-5; 
the preparation of the combined regular array of data is given in Section 6; and some 
discussion of results are given in the final Section 7. A more detailed accounting of 
results is deferred to Part II of this paper which will separately treat a harmonic 
analysis on the data discussed here. 

2. The 1967 and 1969 Haystack Radar Data 

The most extensive radar observations of Mars are those of Pettengill et al. (1969) 
and Rogers et al. (1970). The altitude determinations are limited to the Martian 
sub-Earth points which varied from approximately 0° to about 22° N latitude during 
the course of observations over two apparitions (1967 and 1969) of Mars. The 
distribution of points is shown on a Mercator projection representing the surface 
of Mars with co-ordinates in the astronomical sense of South at the top and longitude 
increasing from 0° to 360° towards the West, Fig. 1. The data table used in this paper 
is that found in the special report issued by the Lincoln Laboratory (Rogers et al, 
1970). This table combines both the 1967 and 1969 observations; however, for the 
1967 data the latitude of each point is listed at a constant 22° N. To find the actual 
variation, reference was made to Pettengill et al. (1969) for observation times from 
which the Martian sub- Earth points could be calculated. 

Instrumental and geometrical parameters defined the spatial resolution of the 
series of observations to be a circle on the surface of Mars of about 300 km diameter 
centred at each point. In the smoothing procedure which placed the uneven distribution 
of data shown in Fig. 1 onto' a regular grid, this resolution limit was increased to about 
1000 km (as was each of the subsequent data sources) to match that of the ground- 
based C0 2 measurements, the lowest resolution of all the data groups. 



Fig. 1 . The distribution of 700 radar measurements combining those of Pettengill et al. (1969) with those of Rogers et al. (1970) made with with the 
Haystack antenna at the 1967 and 1969 apparitions of Mars. South is at the top and longitude increases to the West. Refer to the map in Fig. 20 to 

see the location of these points with respect to the dark and bright area on Mars. 
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The basic smoothing equation is simply; 


Z( z i exp [— {r 2 (2a 2 )] 
f{exp [-(r, 2 /2<T 2 )3 w,} 


( 1 ) 


where the weighted mean height 2 is calculated from each height z t after filtering by a 
circular Gaussian function and an appropriate weighting function w,-. The two- 
dimensional Gaussian function was chosen so that at the resolution limit (a circle of 
9“ radius; 18°^ 1000 km) its value equalled 1/e; hence, o 2 = 40-5 (deg 2 ). The 
distance in degrees, r h from the grid interval to each datum within the 9°-radius circle 
was calculated by spherical trigonometry. 

For these particular radar data, the weighting function w t was calculated from the 
standard deviations, p^, of the altitudes listed in the tables. A check was made to 
insure a random distribution of p h which would avoid preferential weighting. Fig. 2. 
Since this is the case, then w ( — p, -2 . v 

The distribution of data points was such that a 5° x 5° regular grid of values could 
be calculated from equation (1). Since it was desirable to obtain a measure of the 
accuracy of the smoothing process, weighted mean standard deviations were calculated 
for each grid point from 


Z {( Z-z t ) 2 exp [- ( rfjlo 2 )J w,} 
(» ~ 1) Z (exp [-rfjla 2 )] w t } 


( 2 ) 


At leasrt three data points were constrained to be located within a resolution circle 
before a Z or s could be calculated. In general, the resolution circles were well 
populated except in a few places near the northern or southern extremes of the scans. 

The purpose of calculating s is twofold. Firstly, the values can be contoured 
and the relationship of the degree of accuracy in the smoothing operation can be 
easily followed from area to area. Second, the values of s are in consistent units 
between the four data sets and can therefore be used as weighting factors in the final 



• * ill” '• 



-IO 


Altitude, km 


-20 


Fxo. 2. A plot of the error range (sum of the absolute values of the ± standard 
deviation of each measurement) against altitude for the Haystack radar data A 
large portion of the 700 determinations had error ranges less than 1 km and are 
left off the bottom edge of the diagram for clarity. The distribution is seen to be 

random. 




Large-scale Martian topography variations — I 


105 


combination process described in Section 6. (It will be noticed that the weighting 
factors for the 2 / in each data group are different. Haystack radar: reciprocal variance 
in km -2 ; Goldstone radar: reciprocal variance in sec” 2 ; ground-based C0 2 and 
Mariner C0 2 data: reciprocal natural log of the airmass. The weighting factors for 
the final combination, however, are reciprocal variances in km -2 determined from s 
and are the same type of number between the groups.) 

The 700 data points shown in Fig. 1 generated a 5° x 5° grid of 438 values between 
— 5° S and 25° N latitudes. These values were fed into a computer with a contouring 
program which produced the height contours shown in Fig. 3. The distribution of s 
associated with these values is given in Fig. 4. 

The graph in the upper right comer represents the mean of the values of s averaged 
over the latitudes for each longitude and aids in the reading of the contour map below. 
Wherever a peak occurs in the gTaph or a concentration of concentric contour lines 
drawn at regular intervals from 0-1 to 1*5 km in 01 km steps. Large errors can 
arise from poorly populated resolution circles w^hich contain data values of large 
spread in standard deviations. Thus, Fig. 4 merely indicates areas where more 
reliable data would have been desirable. 

Although the values of s only range between 0 04 and 1*45 km (0-13 to 0-72 km in 
the mean graph), the location of the peaks is of interest. They generally correspond 
to elevated areas or slopes on Mars (cf. Fig. 3). At this stage in smoothing, this 
observation might depend on the possibility that fewer data points were obtained when 
slopes and elevations Were in the field of view than when flatter terrain was available 
for measurement. Fig. 1 does not provide a definitive answer since there are both 
many measurements of the slopes in Tharsis and also fewer determinations of the 
eastern slope of Syrtis Major (X 120° and 280°W, respectively; see also Fig. 10). 
However, another interpretation of these correlations in Fig. 4 is that slopes would 
tend to distort the reflected radar signal more than flat areas. 

The radar data were originally reduced assuming a spherical planet. In actuality, 
Mars is an oblate spheroid with flattening somewhere between 0 012 and 0 005 (the 
optical and dynamical determinations, respectively). Between the equator and the 
extremes of the radar scans, the oblateness can cause a shift in the zero level of about 
2 km relative to the mean spheroid. However, such small changes in the radius of the 
planet would be very difficult to detect using radar methods. For example, Rogers 
et al. (1970) give their best mean radius determination as 3393 ±8 km (error limit is 
three times the formal error, i.e. the standard deviation). 

They reduced the 1967 scan by a constant 3 km to provide a common zero level 
with the 1969 data. This was due to the choice of a single, specific point in 1967 as 
that series’ reference level. The radar zero level now refers to the mean radius of the 
planet. This zero level is maintained throughout the remainder of this report for 
reasons which will become apparent. 


3. The 1969 Goldstone Radar Data 

A second, independently conducted series of radar observations was performed 
by Goldstein et al. (1970) with the Goldstone radar antenna at the Jet Propulsion 
Laboratory. These observations ranged in extent from approximately 3° to 13°N 
latitude. The distribution of points is given in Fig. 5. 

A zero level check with the Haystack data was provided by comparing a plot of 
the Goldstone data on an overlay grid. In general, the Goldstone data were well 
within the error limits of the Haystack data at all longitudes. There was a small 
difference in the mean values, however: the Goldstone mean was +0-25 km compared 
with +0*91 km for the Haystack mean. For consistency, the Goldstone data were 
therefore increased by +0*66 km before smoothing. 



Eost 


South 



Fio. 3. Altitude contours of the Haystack radar data after smoothing to a 5° grid interval in latitude and longitude and an increase in the spatial 
resolution from 300 km to 1000 km. The contours were calculated in 1 km steps and drawn by a computer program based on linear interpolation. 
The contours range from —4 to +7 km. Solid lines represent positive topography (and zero height), and dashed lines represent negative topography. 
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Fio. 4. Contours of the internal errors s associated with the smoothing calculations of equation (1) for the Haystack data. The diagram in the upper 
right corner shows the mean error over latitude as a function of longitude. Compare peaks with concentric contours in the map below. The largest 
errors are associated with high altitudes or slopes in the topographic map. Fig. 3. The contours are calculated in 0 - 1 to 1 • 5 km. 
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The resolution of these observations was a rectangular element centred at each 
point extending 220 km in longitude and 90 km in latitude. The difference in the shape 
of the resolution element compared with the Haystack data is due to differences in 
range-gating procedures used by the two groups. The smoothing calculation, of 
course, increases this limit to 1000 km. 

The data tables, generously provided to the author by R. M. Goldstein, did not 
contain error limits (standard deviations) for the microsecond delay (or altitude) 
measurements. However, errors were listed for the measured-minus-predicted 
Ephemeris flight times of the echos which are related to altitudes. The reciprocal 
square of these values were therefore used as the weighting factors w t in equations (1) 
and (2). 

.The remainder of the calculations with these equations were as before. The 236 
data points (Fig. 5) generated a 5° regular grid of 250 values between 0° and 1 5° N 
latitude. The resulting computer plot of height contours from these values is given in 
Fig. 6. Associated with these values, corresponding error limits s were also calculated, 
Fig. 7. As before, the upper diagram is the mean of s with the two-dimensional 
distribution given by the contour map below. 

It is of interest to compare Fig. 7 with Fig. 4. In the Goldstone case, the internal 
errors from smoothing only ranged between 0-06 and 1-08 km (contour intervals 
are (M km ranging from 0-1 to 10 km), somewhat better than the Haystack 
results of the previous section. However, the locations of peaks in the error limits 
are strikingly close between the two data sets. The suggestion that slopes might 
disperse the radar signals more than flatter terrain is therefore strengthened. 


4. The Kitt Peak spectroscopic C0 2 measurements 

The technique of determining surface heights on Mars by ground-based infrared 
spectroscopy was devised primarily by M. J. S. Belton and D. M. Hunten at the 
Kitt Peak National Observatory. It was first utilized sucessfully by these investigators 
and by the author during the 1969 Mars apparition with the McMath solar telescope. 
Preliminary results were published by Belton & Hunten (1969) and by Wells (1969a). 
The final, comprehensive report including the theoretical mathematical derivations, 
as well as the observations of the Kitt Peak group, can be found in Belton & Hunten 
(1971). The observations conducted by the writer utilizing the same equipment will 
be detailed in this section. 

The instrumental design, derivation of equations leading to Martian surface 
pressures, and discussions of various limitations of the observing technique will not be 
repeated in full in this report. This section is limited to a continuation of Belton & 
Hunten’s (1971) Table 4 of measured points and the preparation of the ground- 
based C0 2 height values for the final combination with other data sources. 

If p C02 is the partial pressure of C0 2 at a specified point on Mars; the airmass 
factor; T, the air temperature; S ti the number of counts in the data accumulator 
from the 1-05^ lines (R-branch); and S Qt the reading in the data channel from a 
standard source, then according to Belton & Hunten (1971): 

7Pcoj = CfOl* Pcoz* T)[yS 0 -S t l (3) 

where y and C are calibration constants. S 0 is the reading on diffused light from a 
tungsten lamp, and yS 0 corresponds to the reading on the Moon, i.e. the standard 
of zero absorption (the Moon has no atmosphere) used in this analysis. The function 
fOl’Pcbi* T) is derived from a weighted mean curve-of-growth of C0 2 ; and the 
constant C, a function of the efficiency of the instrument, must be derived from the 
observations on a night-to-night basis, particularly since the instrumental set-up had 
to be taken down each morning and arranged and recalibrated each night. 
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Fig. 6. Height contours of the 5° grid values obtained from the Goldstone data after smoothing with equation (I). As before, solid lines are zero and 
positive topography and dashed lines are negative topography. Contours are calculated in 1 km intervals from -2 to +7 km. Compare with 

Fig. 3. 
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Numerical values obtained for p COi are derived using the following procedure: 
Belton & Hunten’s (1971) July 1 observations within the rectangle ±15° latitude and 
320° to 40° longitude were used to calculate a trial value for C assuming that the 
mean C0 2 pressure for the data points within the rectangle equalled an arbitrary 6 mb. 
The remainder of the points for that night were then used to give corresponding 
pressures with this value of C. The constants C for the remaining nights are similarly 
calculated by using data in overlaps of successive nights. Bach mean pressure within 
an overlap (averaged from points determined by the previous C) provides a new C for 
that night, and so on. (The distribution of data points including nightly overlaps is 
shown in Fig. 8.) This procedure gives a series of constants for all of the data, which 
can then be consistently adjusted until the mean pressure over all observations equals 
5-5 mb. This latter pressure value was chosen because the observations of Belton & 
Hunten (1966) and Belton, Broadfoot & Hunten (1968) indicated that the mean 
C0 2 pressure for Mars integrated over an appreciable fraction of the disk was 5-5 mb. 

This pressure value is an imposed constraint. However, there is no a priori reason • 
to believe that the total mean C0 2 pressure for Mars is 5-5 mb since the earlier 
observations of Belton et al. do not cover the entire planet. But with their method, 
the entire calibration of the Earth-based C0 2 observations is internally self-consistent 
depending only on ground-based spectroscopy. Comparisons with the Haystack 
radar data will further elucidate the calibration problems. 

Once pressure values have been obtained from equation (3), surface heights can be 
derived after adopting a particular atmospheric model. The model used here is that 
of Belton & Hunten (1971). Surfaces of constant pressure in a static, isothermal 
atmosphere coincide with surfaces of constant gravitational potential; otherwise, 
violent winds would result. The surface that coincides with a C0 2 pressure of 5- 5 mb is 
chosen to be the gravitational potential surface at zero height. The atmosphere at any 
point is then taken as isothermal. Diurnal temperature variations are neglected since 
all observations were made at noon local time on Mars, i.e. along the apparent central 
meridian. The effective temperature of the atmosphere is, however, latitudinally 
dependent. 

These assumptions, which should be valid at least up to one scale height, permit 
the isothermal equation 


p = /\>exp[- (zjH)] (4) 

to be used to derive surface heights z from observed pressures p using 5-5 mb for p 0 . 
The latitudinal temperature dependence is accounted for by calculating the local scale 
height of the atmosphere for each observation point from H = kTjtng with usual 
definitions for the gas constants appropriate to C0 2 under Martian gravity. The 
variation of T with latitude is that adopted from Belton & Hunten (1971) who 
utilized their previous determination of the rotational temperature of Martian C0 2 
(Belton et al. 1968) together with the numerical model of latitudinal temperature 
dependence calculated by Leovy & Mintz (1969). See Belton & Hunten (1971), Fig. 8. 

The observation dates were: 2, 22, 23, 24, 30 June and 1 July (B & H 1971); and 
9, 10, 11, 12, 13, 14, 15 June (Wells 1969a). The distribution of observational points 
is given in Fig. 8. 

The 1 mm 2 spectrograph entrance aperture was theoretically equivalent to about 
an 850 km square near the Martian equator. The size and shape of this element 
varied with seeing conditions and latitude on the planet (see B & H, 1971, Fig. 7). 
Planetary rotation produced negligible effects since observation times were very short. 
A mean figure of about 1000 km for the spatial resolution is adopted here since seeing 
was relatively good (2"-3" arc) for most nights. 

Data co-ordinates, obtained by measuring the x t y positions of the centre of the 
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aperture on Mars in the guiding reticle relative to the sky, were corrected for displace- 
ments caused by dispersive refraction introduced by the Earth’s atmosphere (guiding 
was performed in visual light). The estimated accuracy of these position determina- 
tions was about 2 per cent of the diameter of the planet, roughly 140 km (B & H 1971). 

The measurements obtained by the writer were reduced simultaneously with those 
of Belton & Hunten during the summer of 1970 at Kitt Peak National Observatory. 
The reduced data are presented in Table 1 which represents a continuation of B & H’s 
(1971) Table 4. The altitudes listed in Table 1 refer to a zero level of 5-5 mb. Estimated 
RMS errors in pressures and heights have been included. They reflect only the random 
uncertainty in counts obtained in the data channels. These errors are exponentially 
distributed with height. The general level of precision, except for two nights, is close 
to ± 1 mb in pressure corresponding to about ±2 km near zero altitude. 

Belton & Hunten (1971) compared their ground-based C0 2 altitudes with the 
Haystack radar observations and with the Mariner data of Herr et al (1970) to 
establish the degree of correspondence. Comparisons with the Mariner data at first 
yielded favourable results (B & H 1971 , Fig. 1 1); however, after the ground-based CO-, 
measurements were normalized to the Haystack radar data (described in the following 
paragraphs), many of the similarities disappeared. 

No explanations for these discrepancies were given. Presumably this was because 
the published data of Herr et al. (1970) were re-reduced using new low temperature 
laboratory data for their 2 n C0 2 curve-of-growth at about the same time B & H 
prepared their final report. 


Table 1 


Kitt Peak C0 2 reductions of Wells* 


Lat. 


Date 

Long . 

f N “ +1 

i 

Temp . 





(° W ) 

V # s - -J 

r Eta 

(° K ) 

i '( mb ) 

A P 

Z ( km ) 

A Z 

69 / 06/09 

236 -5 

13*7 

2*02 

200 

8*3 

1 * 7 ~ 1 - 6 

-41 

2 * 2-1 *9 


238 T 

14*0 

2*02 

200 

8*7 

1-8 - 1-7 

- 4-6 

22 - 1*9 


240-4 

14*0 

2*02 

200 

110 

20 - 1*8 

- 7*0 

T 8 -1 * 7 


242*4 

14*0 

2*02 

200 

6*8 

16 - 1*5 

-21 

2*5 - 2*1 


247*3 

14*4 

2*02 

200 

8*7 

1 - 8 - 1-7 

- 4*6 

21 - 1*9 


251*4 

15*3 

2*03 

200 

8*1 

1*7 -1 *6 

- 3*9 

2 - 2 - 1-9 


237*3 

33-9 

2*37 

192 

2*7 

10 - 0*9 

7-1 

41 - 3*2 


251*9 

260 

2*14 

196 

19*4 

2 * 6 - 2*3 

- 12*5 

13 - 1*3 


263*1 

16*9 

2*04 

200 

13*9 

2*2 - 2*0 

- 9*4 

1 - 6-1 *5 


275-1 

8 * 6 

2*05 

200 

13*0 

2*1 - 1*9 

- 8*7 

1 * 7-1 -6 

69 / 06/09 

282*1 

284*0 

25*4 

26*7 

2*13 

2*15 

196 

196 

1*6 

10 

0 * 9-0 8 
0*8 - 0*7 

12*6 

17*2 

6*9 - 4*6 
11 * 0-6 0 

69 / 06/10 

257*6 

31*2 

2 * 2 1 

193 

0*6 

0*3 - 0*2 

22*7 

5*6 - 3*8 


257*9 

18*8 

2*06 

199 

4*2 

0*5 - 0*5 

2*8 

13 - 1*1 


259*3 

6*7 

2-01 

200 

16*9 

1 *0 - 0*9 

- 11-4 

0*5 - 0*6 


261*3 

- 5-1 

2-06 

200 

4*9 

0 * 5 - 0*5 

1-3 

1 * 2-1 *0 


262*2 

- 18*4 

2*22 

199 

7*3 

0*6 - 0*6 

- 2*7 

0*9 - 0*8 


267-2 

50*5 

2-81 

183 

4*2 

0*4 - 0*4 

2*5 

10 - 0*9 


268*6 

36*3 

2-33 

191 

81 

0 * 6-06 

- 3*7 

0 * 8-07 


269*4 

23*4 

2-11 

197 

12-8 

0*8 - 0*7 

- 8*4 

0*6 - 0*6 

69 / 06/10 

270*6 

272*9 

12*1 

1-3 

2 *03 
2*03 

200 

200 

10*3 

6-7 

0*7 - 0*7 
0 * 6-0 6 

- 6*3 

- 2*0 

0-8 - 0*7 
10 - 0*9 

69 / 06/11 

228*1 

58-9 

3*30 

177 

19-5 

09 - 0-8 

— 11*3 

0-4 - 0-4 


235*6 

42-2 

2-48 

188 

11-0 

08 - 0*7 

- 6*6 

0 - 6 - 0-6 


237*1 

28-7 

2-17 

195 

10-7 

0-8 - 0*7 

- 6*5 

0-7 - 0*7 


237*8 

16*9 

2*04 

200 

17*4 

1*0 0*9 

— II -6 

0*5 - 0*6 
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Lat. 


Date 

Long. 

cm 

/°n = -n 
\ °s = 

) Eta 

Temp. 

(°K) 

/’(mb) 

A P 

Z(km) 

AZ 

69/06/11 

238-6 

4-4 

2*01 

200 

19-1 

M -1-0 

-12-6 

0-5-0-6 


239-8 

-7-8 

2*08 

200 

13-5 

0-9-0 8 

—9-1 

0*6 -0-6 


241 ‘6 

-21-6 

2*28 

198 

8-8 

0-7-0-7 

-4*6 

0-8 -0*7 


245-0 

18-1 

2*05 

199 

3-3 

0-5 -0-5 

5-2 

1-5— 1-4 


246-8 

18-5 

2*06 

i 199 

3-4 

0-5-0-5 

5-1 

15-1*3 


247-7 

-5*7 

2-06 

200 

8-7 

0-7 -0-7 

-4*6 

0-9 -0-8 


250-4 

-5-3 

206 

200 

7 ; 4 

0-6 -0-7 

-2-9 

0-9 -0-8 

69/06/11 

253-2 

21-1 

2-08 

198 

1-3 

0-4-0 3 

14-5 

2-9-24 

69/06/12 

253-7 

27-8 

2- 18 

195 

5-7 

2*1 -1-8 

-0-4 

3-8-31 


255-8 

18-0 

2-07 

199 

14-2 

3-2 -2-9 

-9-6 

2-3 -2-1 

69/06/12 

259-2 

8-8 

2*05 

200 

4-7 

2-0 -1-7 

1-7 

46-3-6 

69/06/13 

178-2 

0-7 

2-02 

200 

5-2 

3-4 -2-7 

0-7 

7-4-51 


180-4 

-11*8 

2-12 

200 

18-5 

5-8 -5*0 

-12-3 

3-2 -2*8 


183-3 

-26-1 

2-39 

196 

5-6 

3-2 -2 '6 

-0 1 

6-1 -4-5 


194-9 

-10-5 

2-10 

200 

25-5 

6 * 8 -5 - 9 

-15-5 

2-7 -2-4 


198-1 

-24-6 

2-35 

197 

11-7 

4-5 -3-7 

-7-5 

3 8-3-2 


207-6 

3-2 

2-02 

200 

6-9 

3*8-31 

-2-3 

6-0 -4-5 


210-7 

-8-8 

2*09 

200 

12-9 

4-9 -4-1 

-8-6 

3*9 -3-3 


214-0 

-22-7 

2*31 

197 

31*9 

7-3 -6-4 

-17-6 

2-2-2-1 

69/06/13 

230-9 

8-1 

2-02 

200 

14*8 

5*4-4-5 

-10-0 

3 • 7 -3 • 1 

69/06/ J 4 

149-5 

55-0 

3-05 

180 

0-9 

0-2 -0-2 

16-3 

2-5-2-0 


151-4 

46-8 

2-64 

185 

2-0 

0-3-0-3 

9*5 

1-6 -1*4 


153-2 

38-8 

2-38 

190 

3-3 

0-4 -0-4 

4-9 

1 ■ 2 — 1 * 1 


154-8 

32-3 

2-24 

193 

5-2 

0-5 -0-5 

0*7 

10-0-9 


155-7 

25*7 

2-13 

196 

6-8 

0-6 -0-6 

-2*0 

0-9-0-8 


157-1 

19-7 

207 

199 

7-4 

0-6 -0-6 

-2-9 

0-9-0-8 


157-8 

13-4 

2-03 

200 

9-3 

0-7 -0-7 

-5*3 

0-8-0-7 


158-5 

7-2 

2-01 

200 

10-0 

0-7 -0-7 

-6-0 

0-8 -0*7 


159-6 

0-5 

2-02 

200 

11*6 

0 - 8 — 0 1 7 

-7*6 

0-6 -0-7 


160-1 

-5-9 

2-06 

200 

17-4 

0-9 -0-8 

— 11*6 

0-5 -0-5 


16L4 

-12 -1 

2-12 

200 

19-6 

10-0-9 

—12 8 

0 5-0-5 


162-6 

-19*5 

2-24 

199 

17-8 

0-9-08 

— 11*8 

0-5 -0-5 


163-4 

-26-9 

2-41 

196 

15*7 

0-8 -0-7 

-10-4 

0-5 -0-5 


164-8 

-34-6 

2-67 

192 

18-4 

0-9 -0-8 

-11-7 

04-0-4 


164-6 

55-3 

3-07 

180 

8-4 

0-6 -0-5 

-3-8 

0-6-06 


166-1 

47*1 

2-66 

185 

US 

0-7 -0-6 

-7*1 

0-5 -0-5 


167-9 

39-0 

2-39 

189 

14*5 

0-8 -0-7 

-9*2 

0-5 -0-5 


169-6 

32-5 

2-24 

193 

18-7 

10-0-8 

-12-0 

0-4-0-5 


170-6 

26-0 

2-14 

196 

21*9 

1*0 -0-9 

-13*7 

0-4-05 


171-3 

19-6 

2-07 

199 

22-4 

1*1 -0-9 

-14*1 

0-4-0-5 


172-5 

13-7 

2-03 

200 

18-9 

1-0-0 9 

-12-5 

0-5 -0-5 


173-2 

7-5 

2-01 

200 

13-5 

0-8 -0-8 

-9-1 

0-6 -0-6 


174-1 

1-2 

2-02 

200 

10-3 

0-7 -0-7 

-6-3 

07-0-7 


175-0 

-5*1 

2-05 

200 

11*2 

0-8 -0*7 

-7-2 

0-6 -0-7 


176-4 

-11*3 

2-11 

200 

10*1 

0-7-07 

-6*2 . 

0-7 -0-7 


177-6 

— 18*1 

2-21 

199 

4*9 

0-5 -0-5 

1*3 

1*1 -1*0 

69/06/14 

178-9 

-25-4 

2-37 

196 

4*0 

0-4 -0-4 

3*2 

I -1-1-0 

181*1 

-32-9 

2-61 

193 

9-4 

0-6 -0-6 

-5-2 

0-6-0-6 

69/06/15 

157-7 

46-6 

2-64 

185 

39-2 

8-9 -7-8 

-18-4 

2-1 -1*9 


J59-5 

39-2 

2-40 

189 

17-4 

6-3 -5-2 

-11-0 

3-4-3 0 


162-2 

33*1 

2-26 

192 

6-0 

40-3*1 

-0-7 

7-1-50 


171-3 

-4-1 

2-05 

200 

8-7 

4-8 -3-8 

-4*5 

6-0-4-5 


173-8 

-10-2 

2-10 

200 

13 0 

5-7 -4-7 

-8-7 

4 - 5 -3 • 7 


176-6 

-16-6 

219 

200 

4-1 

3-4 -2-6 

3-0 

9-9 -6-2 

69/06/15 

179-8 

-24-4 

2-35 

197 

6*9 

4-1 -3-2 

-2*2 

6-3 -4-6 


* Belton & Hun ten’s (1971) Table 4 contains their observations. 
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of these new reductions, however, was a lowering of the Mariner 

Mariner TR^H ^ 3 km ‘ ^ evertheIess ’ a straightforward comparison of the 

Mariner IRS data with the currently available ground-based measurements is probably 

/iq * lgmficant smce the Mariner scans are located at the extreme limits of B & H’s 
( 9 ) measured points. At the locations where there are scan crossings by the two 
y a feW poin ^ are avail able in each set through which to construct 
mthe ^LxTfection^ (The treatment of the Mariner IRS zero level is discussed 

Comparisons between the Haystack data and the ground-based CO z measurements 
m reduced a serious conflict. Fig, 12 in B & H’s (1971) report shows a major 

^nnH a h Cy frn etWeen 80M10 ° W lon S itu ^ (much lower altitudes for the 
f ™ n ^ b ?f d C0 2 measurements than for the Haystack radar data), although they 

sunntt th ' VqS f io,Q eight leVClS arC effectivel y ^ntical; thus the radar results 
support the 1967 and 1969 spectroscopic results which give a ‘planetary mean’ 

no'wf- {ii) J h \ overall in topographic Variation (except 

between 80 and 1 10 W) is roughly the same. Note in particular that the slopes in all 
regions except SOM 10* W are very similar, (hi) The linear scale of 
features is effectively the same for both sets of data . . . ° ” 

hv ?! <? 7 ?w 1 b u T Se in thS aItitude discrepancy at SOM 10° W was suggested 

rLl r • ] , probIems in night-to-night determinations of the 

constant C in equation (3). There are two significant error sources in the determination 
of C (1) the data points do not thoroughly cover a complete circuit of the planet* 
and (2) not every overlap contains a large number of observations (see Fig. 8 this 

the whol th f S ? eth0 ^ 0f 0Verla P calibration can propagate errors throughout 
h T S °^ bser ™ do “ s and can readily lead to distortions in the data curves 

K, VS , tongue. B & H (1971) considered these factors to be the likely cause 
of the altitude discrepancy and therefore resorted to a normalization of their measure- 
ments to those of the Haystack observations. 

t * P r" dmg the ann0 ™ alized reductions of Table 1 to those in B & H’s (1971) 
Table 4, the writer has followed a similar procedure in preparing the ground-based 
C0 2 measurements for the combination with other sources. Certain differences in the 
calculations from those used by B & H (1971), however, will be noted. 

A resolution equivalent to a 1000 km diameter circle (1 8° on the planet) was used in 
equations (1) and (2). Fig . 9 (top) indicates that the standard deviations in altitude 
cannot be used as weighting factors since they are distributed exponentially with height ■ 
thus negative topography would always be preferentially weighted more than positive 
topography. However, the observational precision also depends on the airmass 
actor t the geometrical pathlength through the Martian atmosphere. Fig. 9 (bottom) 
shows a plot of airmass values against associated ground-based CO-, altitudes Since 
the distribution is random, the weighting factor in equations (1) and (2) can be 
defined as w, = l,in (p,). This relationship arises since eq. (3) indicates that pressure 

eouibnf 141 0 f, h fu airmaSS a " d pres ? ure and allitudes are logarithmically refated by 
equation (4). (In their smoothing calculations, B & H (1971) used only the caussian 
filtering function. No other weighting was attempted.) y g 

H9^ U and WpVl/fiQfiQ v 530 . 5U ‘ grid values from the combined 339 points of B & H 
(1971) and Wells (1969a). A comparison was then made with the Haystack radar 

MitnHp f lg ‘ CUrVC A u the mCan C ° 2 Curve avera S ed between 0° and 25° N 

the * smoothed data compared to all of the Haystack data between 0° to 
21 N latitude at the original radar resolution of 300 km. B & H’s (1971) curves in their 

fr . 0m o 240 “° 0_1200 w longitude. The curve shown in Fig. 10 has been 
extended from 240 u W to 230° W and from 120° W to 180° W. The discrepancy noted 
by B & H (1971) between 80M 10° W is seen in Fig. 10 between 80M80° W There is a 

80^w\ h0UgH , 1 ™ eT ’ ^u reP f!l Cy belween 230M80 d W. Between 280* W and 
80 W, however, (he ground-based data shown in Fig. 10 fit the radar data in slope and 
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Fig. 9. Upper: The error range range (sum of the absolute values of the ± standard 
deviations) plotted against altitude for the Earth-based C0 2 observations. Note the 
clearly defined exponential relationship of increasing error with increasing height. 
Lower: A plot of the airmass factors of the Earth-based C0 2 measurements 
against altitude. The distribution is random. 


zero level very well. (Note: the large values for the C0 2 altitudes given by the dotted 
line near 300° W are not considered seriously discordant because of an exponential 
loss of instrumental sensitivity with increasing height, cf. Fig. 9, top.) 

Curve B is the height variation of the C0 2 observations after normalization to the 
radar data. The normalization procedure was as follows. The C0 2 observations for 
for each night were compared to the Haystack radar data in the corresponding 
longitude interval between the latitudes 0° and 25° N. There are 13 longitude intervals 
for the 1 3 nights of observations. Only those C0 2 data within the given latitude limits 
were averaged together. The radar data within the same co-ordinate rectangle were 
also averaged. The difference between the two averages represents the correction to 
all of the C0 2 measurements for that night. In this way, C0 2 data outside the given 
latitudinal limits are also adjusted. This procedure is different from that of B & H 
(1971) who used only the radar measurements between latitudes 9-1° and 12° N for the 
night-to-night corrections to all of their C0 2 data. 

Table 2 lists values for the normalization of all the ground-based C0 2 data as 
described above in the author’s procedure. 

The remaining discrepancies after normalization between 230°-240° and at 300° W 
do not seriously affect the final data combination since the data points involved have 
very low weights. 

There may be some question concerning the raised flatland near 150° W. There is a 
suggestion of this feature in the radar data although not as pronounced as in the 
CO 2 observations. Most of the C0 2 points in this region have large errors associated 
with them as will become apparent in the following paragraphs. 

The 530 values produced by equation (1) were adjusted by the parameters listed 
in Table 2. A contour plot of the normalized heights is given in Fig. 1 1. This contour 
map is somewhat more conservative than that given by B & H’s (1971) Fig. 15 even 
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Fig. 10. Comparison of Earth based mean C0 2 heights with all of the Haystack radar data between about 0° and 21° N latitude Thr> Uavtto a 
seriously discordant because of the exponential loss of instrumental seiti^o St ta“g hdgW. 
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Fig. 11. Height contours of the normalized ground-based C0 2 measurements of Martian altitudes after smoothing with equation (1). The contour 

range is from —9 to +14 km in 1-km intervals. Solid lines represent zero and positive topography, while dashed lines represent negative ~ 

topography. This map is more conservative than Fig. 1 5 of Belson & Hunten (1970) since the smoothing programme rejected grid values if there were 'o 

fewer than three data points within a resolution element. 
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Table 2 


Normalization parameters for the Kitt Peak C0 2 data 


Date 

Longitude 

(W) 

Z (radar) 
(km) 

No. Pts. 

^(C0 2 ) 

(km) 

No. Pts. 

C0 2 shift 
(km) 

Belton & Hunten Data 
69/06/02 235°-0°-l6° 

0-91 

258 

1-58 

22 

-0-67 

69/06/22 

60°-I55° 

3-27 

206 

-2-49 

17 

5-76 

69/06/23 

52°-139° 

3-78 

196 

0-76 

30 

302 

69/06/24 

27°-113° 

1 *74 

215 

2-66 

21 

-0-92 

69/06/30 

329°-0°-44° 

-0*58 

182 

-0-83 

12 

0-25 

69/07/01 

310°-0°-65 a 

002 

270 

0-32 

22 

-0-30 

Wells Data 
69/06/09 

236°-286° 

-0-35 

74 

-5-55 

8 

5-20 

69/06/10 

257°-273° 

-0-78 

28 

-5-06 

5 

4-28 

69/06/11 

228*-254° 

-0-44 

34 

-3-48 

5 

3-04 

69/06/12 

253°-260° 

-0-37 

13 

-3-95 

2 

3-58 

69/06/13 

178°-238° 

-0-86 

93 

-3*87 

3 

301 

69/06/14 

J 50°— 2 88° 

-2-14 

56 

-7-97 

8 

5-83 

69/06/15 

155M80 0 

-2-27 

35 

(-7-97)* 

(8)* 

5-70 


* Determined from preceding line since there were only CO, points outside the latitudinal limits 
O a -25°N in this longitudinal interval. 


with the writer’s data included. The blank areas in Fig. 1 1 between about 270 c -340° W 
and at the centre near 10°-20°W resulted because the smoothing program yielded 
grid values only if at least three data points were within the resolution circle. These 
regions are contoured in B & H’s (1971) map. 

Associated with these contours, the internal smoothing errors s are shown in 
Fig. 12. The errors range from 1 to 10 km in 1 km steps. Areas with the smallest 
smoothing errors are those between 315°-0° W and 45-1 45° W longitude. The largest 
errors are located wherever there are very steep slopes leading from altitudes higher 
than about 10 km, e.g. 260° W, 280° W, and 1 50° W. The region near 1 50° W reflects 
a large internal error due to poor data, as was previously mentioned, A chief value 
in the smoothing-error contour plots is to quantitatively depict just those areas 
that are the most suspicious. 

The technique of measuring surface heights on Mars by groundbased C0 2 
spectroscopy is in fact a valuable one. An electronically stable and permanent 
instrumental set-up is, however, mandatory to avoid efficiency changes each time 
the equipment is taken down and to avoid the rather large errors that can accumulate 
in the raw data counts as was evident in the June 13 and 15 observations (Table 1) by 
the writer. It is also necessary to maintain a careful and well populated overlap 
coverage in the observations in order to insure an accurate determination of C in 
equation (3). 

These points have been kept in mind for the observations conducted with new 
instruments at Cerro Tololo, Chile during the 1971 apparition of Mars. 


5. Mariners 6 and 7 Infrared spectrometer C0 2 data ' 

In addition to the various analyses of reflection spectra performed on the Mariner 
6 and 7 IRS data, C0 2 pressures derived from absorptions near 2 p were obtained by 
Herr et ah (1970) for the purpose of deducing surface heights along limited scan paths 
on Mars. 

This spacecraft method of C0 2 spectroscopy has the distinct advantage of very 
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airmass values. Refer to Fig. 20 for the location of the distribution on Mars. 8 



R. A. Wells 



Large-scale Martian topography variations — I 


123 


high spatial resolution. It suffers the disadvantage of very limited scan paths across 
the surface. The distribution of points on Mars used in this section is given in Fig. 13 
(16 points were omitted: those listed as questionable by the experimenters and seven 
additional ones by this writer, explained shortly). The resolution of these observations 
is equivalent to a rectangle on the surface of approximately 1 30 x 8 km determined 
by the spacecraft motion (8 km) and the optical properties of the instrument (130 km). 

A check between absolute heights from the Mariner data and those from the 
Haystack measurements indicated significant differences. (The Mariner data used 
here are those obtained with the new low temperature curve-of-growth and not the 
values published by Herr et al. (1970). The new values were generously supplied to the 
author.) It was therefore necessary to normalize the Mariner data to the radar data. 
Since this was the case, there was no need to alter the experimenters’ originally adopted 
zero altitude level which corresponded to 6 0 mb. The normalization automatically 
accounts for zero level shifts. 

Part of the Mariner scans were at high latitudes so that a correction also had to 
be made for the latitudinal temperature dependence of the atmosphere (the Mariner 
IRS experimenters assumed a constant 200°K for the atmospheric temperature). 
This correction was accomplished with the aid of equation (8) in the report by Herr 
et al. (1970). By ratioing this equation with itself using different subscripts on the 
variables representing the constant temperature case and the variable temperature 
case, corrected altitudes were defined as 

Zi = tfi{(Z 0 /tfo)~± In [(HolHiXTJTo)*)}, (5) 

where ‘ o ’ subscripts refer to the original parameters by Herr et al. (1970) and the 
‘ 1 ’ subscripts represent the parameters associated with the varying temperatures. 
The original values were H 0 = 10 km, T 0 = 200° K, and Z 0 = the tabulated heights. 
New temperatures and scale heights were calculated for each Z 0 according to the 
description given in Section 4. 

The final adjustment included a shift of the Mariner altitudes to those of the 
Haystack data. Fortunately, both Mariner tracks crossed or were very close to 
portions of the radar scans. Mariner 6 had two overlaps, but the scan between 
30*-80° W longitude and -13° S to about 7°N latitude had only four points near a 
radar scan, three of which were omitted because of airmass values greater than 3- 8 
(explained shortly). The other Mariner scans were located in the region 10°-30° W 
-2°S to 3°N (M6) and 0°-10°W, 0M4°N (M7). 

The simplest adjustment factor is the difference in the means between the Mariner 
and radar data in the areas mentioned above. For Mariner 6, the measurements 
do not actually cross the nearest radar scans; however, a 9°-radius circle centred at 
2° N, 20° W contained 18 radar points and eight Mariner points. For Mariner 7, 
the observations do cross the radar scan paths. A 9°-radius circle centred at 7° N, 
6° W contained 30 radar points and six Mariner points. Data outside these circles 
were considered to be too far away to be included in the average. The parameters 
calculated from these two groups are given in Table 3. 

An interesting consequence of this normalization is the 0-68 km larger adjustment 
to the radar data necessary for Mariner 7 than for Mariner 6 (Table 3, column 4). This 
difference in data shifts suggests a difference between the performances of the two 
spectrometers and nicely confirms a similar observation of Herr et al. (1970). Their 
Fig, 2 shows the 2 pL C0 2 bands observed in the same area of Sinus Meridianii by 
Mariner 6 and 7. Mariner 6 yielded a slightly higher altitude by 0-5 km for the region 
than did Mariner 7. 

The Mariner investigators quoted a 0*5 km error limit as typical of all their altitude 
measurements. This limit was determined from the possible fits of the continuum 
across the dips in their spectra. The tabulated airmasses, however, provide the same 
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Table 3 

Normalization parameters for mariners 6 and 7 IRS C0 2 altitudes* 


No. Pts. 

Mean height 
(km) 

Mariner shift 
(km) 

Difference 

(M7-M6) 

18 

Z (radar), —1*76 



8 

Z (M6), -3-44 

1-68 (M6) 


30 

Z (radar), — 0 -46 


0-68 km 

6 

Z (M7), -2-82 

2-36 (M7) 



These parameters are calculated from unpublished corrections by low temperature laboratory 
curve-of-growth measurements at 2 jj l. The corrections were supplied to the author by K. C. Herr. 


type of weighting function as utilized in the ground-based C0 2 measurements. Several 
of the slant paths from the spacecraft were quite large and a check was first made for 
possible functional relationships between airmass and altitude. Fig. 14 shows such 
a plot for both Mariners 6 and 7. Since it was evident that there was indeed a cut-off 
limit above which altitudes increased in value with increasing airmass, all of the low 
airmass data were not plotted in this diagram for sake of clarity (these are given in the 
next fig.). The cut-off limits are shown by the vertical lines in Fig. 14. Altitudes 
for airmasses greater than about 3-8 from Mariner 6 and about 4-6 from Mariner 7 
were excluded from this analysis as unreliable. Reasons for the differences in these 
cut-off values are not apparent. 

The plot of altitude vs. airmass for airmasses smaller than the above limits is given 
in Fig. 15 which shows no evident correlation. The weighting function for equations 
(1) and (2) is therefore defined as in the previous section, = 1/In 0/j. 

The 107 points in Fig. 13 yielded 148 points on the 5°-grid calculated by equation 
(1). Fig. 16 shows the resulting contour plot from these values. The notable features 
are the basin in Hellas (300° W) and the slope towards Noachis which corresponds to 
Hellespontus. The isolated contour region between 20°-40° W and -50°S to -60° S 
is marked at 1 km. In the original data (Herr et al. 1970), there was some topo- 
graphical variation along the track, but this was smoothed out by equation (1). 

The distribution of s associated with these values is given in Fig. 17. The error 
limits range between 0*1 to 0-6 km in 0*1 km steps, the largest errors occurring in the 
region of the Hellas-Hellespontus slope. A common feature between the four 
distributions of s shown in Figs 4, 7, 12 and 17 is that the largest internal errors 
appear to be associated with topographical slopes. 


6. Combination of the four data sources 

The four data groups, discussed in the previous sections, were each processed by 
equation (1) and (2) after adjustments were made to the Haystack radar zero level 
Each source is therefore available on a 5°-grid interval prepared at a spatial resolution 
corresponding to a circle of about 1000 km in diameter centred at each point. The 
data groups are simply combined by using equation (!) again on all the smoothed 
sources simultaneously. The weight factors are now defined by w t = ljs t 2 since s is 
consistent between the groups as was mentioned in Section 2. 

The distribution of all data points is shown in a single plot, Fig. 18. These 1382 
points yielded 1366 numbers for the total of the 5°-grid smoothed sources which, in 
turn, has resulted in 924 values for the combined regular array. Some information 
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Fig . 14. A plot of measured altitudes against corresponding airmass factors for the 
Mariner 6 and 7 IRS C0 2 data. The vertical lines at 3*8 and 4'6 represent an 
approximate cut-off limit placed by the writer. Data above these limits tended to 
show increasing height with increasing airmass and were therefore omitted from 
the smoothing calculations. Different symbols merely identify individual scans. 



Fig. 15. The distribution of altitudes vs. airmass factors for the Mariner 6 and 7 
IRS C0 2 measurements with airmasses smaller than 3-8 (M6) and 4-6 (M7). The 
distribution is random. 
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Fig. 17. Contours of the internal smoothing errors i derived from equation (2) for the Mariner 6 and 7 IRS CO a height determinations. The 
contours range from 0 - 1 to 0-6 km in 0- 1-km intervals. A plot of the mean value of s with longitude is given in the lower left diagram. The largest 

errors are associated with the slopes in the Hellas-Hellespontus region (31° W). 
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Fig. 18. The distribution of all 1382 data points on Mars from the four sources described in this report, which were used in the various stages of 

smoothing. Refer to Fig. 20 for their location on Mars. 
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has been lost from the very edges of the individual data arrays since the smoothing 
program rejected any values for a grid interval for which there were Jess than three 
points within the range of the resolution element. Most of those points affected in 
the Southern Hemisphere may become useable when ground-based CO, data from 
the current 1971 opposition is made available. 

■ The final contour map is given in Figs 19 and 20. The first shows only the contours 
as in the other maps of this report. Fig. 20, however, shows the plot overprinted on a 
current map of Mars so that relationships with surface markings can be seen. 

Associated with these contours, the corresponding smoothing errors are given in 
Fig. 21 The range of s is from 0-1 to 2-9 km in 0-2 km steps. The largest errors again 
are associated with the apparent topographic slopes at 260°, 60°, 150° and 170°W. 
The most reliable portions of the topographic map are represented by blank regions in 

h!«n n fi, Ured ^ rea oi 0f j 1S ' 21 ‘ These corres P ond ^ errors in the combination of less 
than 0-5 km. Fig. 21 indicates at a glance those areas \vhich should be regarded only 
with extreme caution as being real. Most of these areas are located at the edges of the 
mapped areas. & 


7. Discussion 

? f Merest in Fig. 20 is an attempt to establish any relationship between 
the distributions of surface markings and those of altitudes and slopes. This examina- 
tion can be done in a quantitative manner by statistics, but will be deferred to Part II 
of th's report in which the 5°-grid data will be regenerated on a l°-grid interval bv 
spherical harmonics. Nevertheless, a visual inspection of Fig. 20 shows some results 
that can be expected from a more detailed analysis. 

- In u general, no relationship is apparent between topographic heights and the 
distribution of dark areas on the planet. Some dark areas are apparently situated 
on parts of measured slopes: Cerberus <200° W, 10° N), Syrtis Major (290° W, 10° N), 

I? 0 Y’-7?° S) ’ Sinus Meridianii (0°, 0°), Margaritifer Sinus (20° W, 
“ 10 /)> and ^are Acidahum (30° W, 35°N). This apparent correlation may have no 
significance when one considers that practically all bright -desert areas thus far 
measured are also associated with slopes. The highest areas on Mars, so far, are seen 

des ^ ts : J7 empe f 65 ° w > 50° NJ at + 12km; and Tharsis [1I0°W, 10° N] at 
+.7 km), but ;the lowest areas are also deserts (Hellas 1300° W, -50° SI at -2 km- 

^6km")^ ant ^ e ^°° W ’ I0 ° N ^ at “ 2km ; and Memnonia [160° W, -20°S] at 

t be note ^ that tIie ^ ase ma P Fig- 20 is the recent one published by the 

Lowell Observatory made from ground-based photographs of Mars during the 1969 
apparition The co-ordinates of features were measured directly from these photo- 
graphs. The positions in longitude correspond closely to those determined from the 
7 P hot °S ra P hs * However, for high southerly latitudes the agreement 
with the Manner co-ordinates is not so good. This fact is due to the 1969 axial tilt 
f Mfs which positioned the Martian south pole away from the Earth and to the 
tact that the south polar cap extended down to about —60° S. 

.. ! he d ^ cr6 P an ^y 1S most pronounced in a comparison of the position of Hellas on 
the Lowell map (Lowell Observatory 1971) and on the NASA Mariner chart (U.S. 
Army Topographic Command 1970). The former places the southern limit of Hellas 
at about -60 S, while the Mariner map places this limit at about -55° S The 
northern extent of the Hellas circle is put at -40° S on the Lowell map, while it is 
located at about -25 S on the Mariner map. The negative contours in the Hellas 

area fall more closely, in. the circular outline of Hellas on the Mariner chart than is 
evident in Fig, 20. 

The Lowell map vvas used for the base map since the standard shapes of the dark 
markings drawn by air brush can be easily seen,, whereas in the Mariner chart a large 
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Fig. 19. The final height contour map resulting from the combination of the smoothed data of each of the four sources described in this report. The 
smoothed 5°-grid data of each source were simultaneously processed by equation (1) generating a 5° regular array of 924 values. As before, solid lines 
represent zero and positive topography, while dashed lines correspond to negative topography. The range of elevations is from —6 to +12 Ion in 
Fkm intervals. Features to be regarded with caution are those with steep slopes near the edges of the mapped areas and features smaller than the 

resolution element, see Fig. 21 . 
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Fig. 20. Final height contours produced from the combined data sources listed in this paper superimposed on a map of Mars. The resolution element 
of 1000 km is shown by the cross-hatched circle to the left. The base map is that published by the Lowell Observatory in 1971 from the 1969 Mars 

Earth-based photographic patrol. 


facing p. 130 


East 


South 



North 


Fig. 21. Contours of the internal smoothing errors i denved from equations (2) for the final combination of the four smoothed data sources Errors 
range from 0-1 to 2-9 km in 0-2 km mtervals. Mean values of 5 with longitude are given in the lower left diagram. Areas of greatest suspicion are 
those where the contour lines crowd together, generally near the edges of the map boundaries. The largest portion of the map, however, is associated 

with smoothing errors smaller than 0-5 km. 
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section of the central area of the map contains airbrush inserts of the Mariner 6 
and 7 near-encounter photographs making it difficult to follow the outlines of Sabaeus 
Sinus, Sinus Meridianii, Margaritifer Sinus, etc. 

The position of the contours of Fig, 19 with respect to the surface markings 
therefore depends upon which chart is used for the base map. The analysis of surface 
altitudes and slopes vs. albedo, presented in Part II, will rely on the Mariner control 
net for co-ordinates. 

Also of interest from Fig. 20 is the distribution of blocks and basins. The major 
high and low areas are two blocks and two basins centred approximately at 300° W 
(Syrtis Major), 30° W (Chryse-Xanthe), 110°W (Tharsis), and 180°W (Memnonia- 
Amazonis). They are spaced about 90° apart in longitude and together with their near 
equatorial position suggest the presence of a strong second harmonic. Other block- 
and basin-type features are apparent on the map as was mentioned at the beginning 
of this section. The precise harmonic distribution of these features will be found in 
Part II. 

The term ‘ block ’ and ‘ basin * is used in a general sense by the writer since the 
geological terms ‘ ridge ’ and ‘ valley ’ convey a more specific meaning applicable 
to considerably smaller scaled features than are found in Fig. 20. It is possible that 
these blocks and basins could be structurally similar to the Earth’s continents and 
ocean basins during primitive stages of the latter’s formation. It is significant that on 
the scale of Mars, these features are much larger and higher than the corresponding 
structures on the Earth. 

It has also not escaped the author’s notice that the presence of large-scaled blocks 
and basins on Mars may have important geophysical consequences regarding the 
theory of continental drift and sea floor spreading as was suggested earlier (Wells 
1969b, 1971). 
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Relief-Darstellung der Marsoberflache 


■ Radar abiastung / Infrarot-Spektroskopie / Oberjldcbenmodell / KontmentaldrijiY 

Die ausgezeichneten Photographic, welcbe von den Marssonden Mariner IV VI VI I and IX 

r “ l ‘™^&Junkt wurden. hahen cine Ful/e never und iiberraschender F.rkenntmssc uber 

unserin aujieren \ ac bbarplaneten vehefcrt. AHerdinvs ivar e< an / / ,„ / /• i , i 

ewes grojlero, CebUtes Vrtam^'z", 
, n g u I " >mn li,r Meobac htu ngstecbniken der Radarabta?tuno 

und Injrarot-Spektroskopie heranzog. Mit Wife dieser Metboden bat man neue Finsicbtcn in 
dn> geophyMucbe Geschicbte der Oberfldche des Mars erbalten. ernes Planeten der toDo 
^b^!T M "" Gr0fini ^ OzeanbeckcdJZe 


Aus den Mars- Photographien, die von den 
vier ^ amerikanischen Mariner- Raumschiffcn 
I 1 969 lind 1971 — 72 aufgenommen 
wurden, war zu ersehen, dais die Marsober- 
flache schr unrersehiedlichc Strukturen auf- 
weist: Kratcrlandschaften, Gebiete uhne 

Kratcrspuren, unregelmaBig srrukturierte 
Gelande und weir ansgcdchnre, stark ver- 
vvorfene /amen 1 1 J ; (vgl. autli L'MSCIIAI 
19/2, Heft 4, S | I 9, I left 7. S 206; 1969 
Heft 19, S. 616). 

Die Photos cnthalren beispielsweise krater- 
w;inde, (irate und Verwertungen mit einer 
\usdehnung von kleiner als ungcfahr 1 00 km. 
Die senkreehten Hdhen lassen sich mit llilfc 
der Schatten- und Albedomessungcn hestitn- 
men. Dagegcn sind die Hdhenlagen der 
flat hen haften Ausdchnungcn mit Durch- 
messern grdlser als etwa 1000 km nicht mel.G 
bar, da die Schatten dieser Objekre nicht aus- 


wenhar sind. Das S t e reo m e£ b i I d verfa h ren ist 
wegcn des grolien Abstandcs der Sonden- 
kamera von der Marsoberflache zur Hohen- 
bestimmung noch nicht geeignet. 
Oberflachenstrukturen grower Ausdehnung 
konnten dagcgen durch Kadarabtastung von 
der lirde aus vermessen werden (2 1, wobei 
die jeweiligen Hdhenlagen sich als Zeitver- 
spat ungen der Radarechos bemerkbar maeh- 
ten. Obgleich der aufrreffende Radarsrrahl 
die gcsamte Marsscheibe uberdeckr, kommr 
das fur die I Idhenbestimmung benur/te 
reflektierte Signal nurvom erdnachsten Punkt 
sler Marsoberflache Das begrenzte Auf- 
Ids u ngs vermdgcn des Radartelcskops verur- 
s.icht cine Lnscharfe dieser S tell c* von unge- 
fahr s00 km. Die unrerschiedliche Richtung 
der Rotationsachse des Mars relativ zur 
Beobachtungsstation ermdglichtc die Vcr- 
messung der Gebiete zwischen 0° und 20° 


ndrdlichcr Breite wahrend der beiden Be- 
obachrungszeitcn in den Jahren 1967 und 
1969. 

l ine zweitc Methode benutzt die Infraror- 
absorption in einem C0 2 -Band bei einer 
Wcllenlange von 1 ,05 /mi [1 ]. Da die Mars 
armosphare hauptsachlich aus (,() 2 bestehr, 
ergibt diese Messung den C0 2 -Gehalt in 
einer senkreehten Saule uber emem bestimm- 
ten Gebiet aut der Marsoberflache Die C() 2 - 
Konzentration ergibt den Druck am tiefsten 
Punkt der Atmospharc, woraus sich die je- 
weiligen Oberflachenhdhen durch die iso- 
thermische barometnsche Gleichung errech 
nen lassen Weil das optische I ernrohr auf 
jede Srelle der Marsoberflache gerichtet wer- 
den kann, gibt es keine von der Marsuchse 
beeinflufiten Breitengrenzen wie bei der 
Beobachrung mit einem Radarteleskop. So 
kann man wahrend enter Marsopposition mu 
dei spektroskopischen Methode betn’ichtlich 
meltr Datcn als mit der Kadarabtastung cr- 
haltcn. Die spektroskopischen Beobachtungen 
wurden in dem Kitt Peak National Obser- 
vatory in lucson (Arizona) wahrend des 
Sommers 1969 mit einem Sonnenteleskop 
gewonnen. 

Die dritte lechnik isi ebenfalls spektrosko- 
pischer Art: das Infrarotspcktmmctcr befindet 
sich jedoeh m einem Raumschiff |4|. Die 


bi/d I: Hobenlinienkarte der Marsoberflache, die auf Grand der Radar uni rn u , , 

betragen / km Die Hdhen erstrecken sich von -6 km bis zu t 2 km D, v 1/5^6 t'" UWile ‘ l)ie ^benlimenahstdnde 

die aucb dem Marsradius 3393 km entspricht Die dicker 1 mien h - . / V ■ )U ^. !" einc J uotbermiscben Atmospbare gleicbt >,.> mb C() 2 . 

serene Kn’is In; ,ler Ungc XT* ' ^ //„/„■„, 

erica 1000 km. Aujlosungsvermogen der zusammengvjajsten Datcn und hat einer, Durcbmesser von 



UMSf.l I A U 72 (1972) Heft 9 



fchfcndcn Storemflusse der Lrdatmosphiirc 
erlauben emu erhcblich grbftcre Aufiosung 
der Beoliaehumgsobjekn:. Nachtcilig ist 
:i Herding*, daft nur um begrenzter Strcifen 
der Marsobcrflachc in einem cinzigcn Vor- 
bciflug bcohachtet werdun kann. Wegen der 
Mars rotation wird abur von der Satellitcn- 
sojidc im Veriauf ciniger Page fast jeder 
Punkt der Oberflaehe uberflugen. Die neue- 
sten Messungen von Mariner IX sind leider 
durch StaubsTurmc stark beeintrachtigt. 

Die drei Untersuchungsmethoden ergehcn 
Daten mit verschiedener Aufiosung. Die 
Mariner VI- und VII-Daten erreichen eine 
Oberflaehenaufldsung von I 30 x 8 km z . Die 
Aufiosung der Radarergebntsse entspricht 
einem Kreis von etvva 300 km Durchmesser 
und die C0 2 - Messungen von der Erde einem 
Quadrat von erwa 1000 km Scitenlange. Um 
eine gute ubersiehtliclic Darstellung zu er- 
halten, vverden /.weekmiilJigerweise die Daren 
a us alien drei Bcobuuhtungsverfahren in 
einem Model) beruuksiuhrigt. Die Darcnver- 
leilung- bar es erlaubr, das Vercinigungsvcr- 
bihren in .5°- Abs Linden durch/.uluhren, wo- 
dureh dann aber die Meftpunkre die gering.sfc 
Aufiosung (1000 km) halien. 


Mit den gewonnenen Da ten ist eine Hdhen- 
linienkarte der Oberlkicbe (Bild I) vom 
Computer gezeiehnet worden. Dies el ben 
Lrgebnissc sind in form eincs Reliefmndells, 
das cbcnfalls von einem Computer erstellt 
worden ist, dargesreJlr worden (Bi/d 2). Auf 
der Hohenlinienkarte sehen wir, daft die 
grdftten Hdhenunrerschiede auf dem Mars 
etwa 18 km bet ra gen, wenn wir den Ge- 
birgsbloek (+12 km) bei 65° und das Beeken 
(—6 km) bei 160° westlicher Lange betrauh- 
ten. Diese Kontinente zwischen 90° und 1 30° 
hzw. zwischen 280° und 320° sind beide 
fast so groft wie Ausrralien. Das Beeken 
zwischen etwa 150° und 180° ist grafter 
als das Mittelmccr, und das grofte Zcntral- 
becken bei 30° ist breirer als der Atlancisuhe 
Ozean. 

Aus der Oberflachcnform ist ferner die so- 
genannte Oberflacben-Harmonik bereebnet 
worden, cm mathemati seller Ausdruek. der 
die Abweiehiingen der wirklichen Marsobur- 
fiaehe von der einer Kugel besehruibt. Aus 
den harmoni.sehen Kod’fizienten isr sehlieft- 
lich das Cm vi tat ions fold des Plancten lie- 
rechnet worden. Line sclir geriaue Bestim- 
mung (einsehlieftlicb Glieder 6. Ordnung) 


dcs Mars-Gravitationsfeldes ist kiir/Iich auf 
Grund der Balmstbrungen von Mariner IX 
vorgenommen u'orden. Den Forschcrn gclang 
es, aus den Werten fur das Gravitationsfeld 
die entsprechenden Oberfiaehenhohen zu 
crrechnen. Somit ist es nun moglich, die Er- 
gebnisse der Hdhenmessuiigen nnteinander 
zu vergleichen. Hild i zeigr die vorlaufigcn 
Wertc tier Oberfiaehenhohen fiir die versehie- 
denen Meftmetlioden. Die Kurvun reprasen- 
tieren Profile, die aus Bild I und der in HI 
publizierten Hohenlinienkarte entnommen 
wurden. Sie folgen den Breitenkreisen auf 
5° ndrdlichcr und IT 0 stidlicher Breite. Die 
Uberemstimmung hinsiditlieh der Richtung 
der Hbhenveranderungen von den Kurven 
ist rccht gut. Line Korrelationsrechnung, die 
auf wachsenden Hb hen werten basiert (Bild ,i. 
oben), liefert cinen Korrelationskoeffiziemen 
von 70%. 

Aus Biid 1 kann gefolgerr vverden, daft keitrer- 
Ici Zusammenhang zwischen der Albedo und 
der Hbhe tier Oberflaehe hestcht. Ls gai) 
Kontrovcrsen fiber die Morphologic der 
dunklen Oburfiachcngebicte des Mars |6|, 
die man wie beim Mond ,. Maria" nemit. Ls 
ging um die Frage, ob die dunklen Gebiete 
Hoch- otier Tiefliinder sind. Wie man aus 
Biid J crschcn kann, kbnnen die dunklen 
Gebiete sovvoh! hoch als aueh tief iiegen. 
genau so wie die hcllen Gebiete, die moist 
als „Wiisten“ iiezeiehnct vverden. Dieses 
Lrgcbnis ist an Elinwcis daniuf, daft die 
untersehiedliehe Elelligkeit tier Gebiete dureli 
die Verschicdenhcit der chemisehen Zusam- 
mensetzung der Oberflaehen hervorgerufen 
wird. 

Besondercs Intcressc gilt den groften Umd- 
massen, dem „Urkontinenren“. Mit Ausnahme 
der Erde und jetzt des Mars sind lusher koine 
Kontinente auf anderen Plancten sicher fest- 
gestellt worden. Es ware denkbar, daft auf 
dem Mars, wie hei der Erde, eine Kontinen- 
ta I drift und Aushreitung des Meeresbodens 
stattfindet. Daher vvirti tier Mars fiir Cco- 
physiker eine neue und wichtige Rolle spic- 
len. Im Zusammenhang mit diesen Prozessen 
weisen thowrctisdie Itereehnungen daratif lirn, 
daft die Konvektton innurhalli ties aufteren 
Mars man tel die rreibende Kraft fur grofte 
Krus t enbewcgti n gen sein kann |7|. 

Lin Vergleieh tier Photograph ion ties krater- 
fdrmigen Terrains mit dun Ergclmisscn tier 
Radar- uml Infrarotmussungen urgibt, dais 
der Mars eine Oherflathensrrukt ur bar. the 
teilweise grofte Ahnlichkuir mit tier des Mon- 
ties besitzt, aber aueh an die KtnirinerUu der 
Ertloiicrflaehe ennnert. 

Die hier beschriebenen Untersuch ungen worden 
von NASA Grant NCR 05-003-431 gefbrdert. Der 
Autor dankt Dres.J -H. Pfeifer und B Stvioneit fiir 
die Hilfc hei der Ubcrtragung des Textes ins 
Deutsche. 

Wells, R. A.: Relief- Darstellung der Ma rsober- 
flachc. UMSCHAU 72 (1972) Heft 9 , S. 293-295 

Summary: 

l he Mariner 4, 6, 7 anti 9 spacecraft have returned 
many excellent photographs of the surface of Mars, 
however, it has nor been possible to obtain infor- 
mation from them concerning the relief of large- 
scale surface features. Altitude information of the 
grosser features of the surface has been derived 
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from the two techniques: direct radar-ranging 
from rhe Earth, and infrared (X) 2 spectroscopy of 
the Martian atmosphere using both Earth-based 
and onboard spacecraft spectrometers. These data 
have been combined into a homogeneous array of 
surface heights which has been contoured by a 
computer. The resulting topographic contour map 
shows the presence on Mars of biock and basin 
features that arc comparable in areal extent to the 
continents and ocean basins of the Earth. 
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liild F.in Verglcicb der Hdbenbestvmm u ngen der Xiarsoberjlacbc nach versebtedenen 
Metboden. Die ausgezogenc Kune zeigtdie direkiett lldberimesmitgcn der Radar- and l/tfra- 
rotbeobac bt ungen. Die gestricbehe Little repnisentiert die Oberjldcbcvbbben, die aits der 
Analyse der liahnstdrungen der Mars sonde Mariner IX erreebnet warden. Das Hdbenprofit 
oben hzw. unten ver/dnft enticing 1° nordlicher b-zxv 15° sudticber Brrite. 
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TOnOrPA<l»HH MAPCA DO ftAHHBIM HA3EMHBIX 
PAflHOJIOKAIJJIQHHLIX H3MEPEHM H HO HABJIfO^AEMOMy 
C 3EMJIH H C KOCMHMECKHX AIIIIAPATOB «MAPHHEP-6 
h 7» norjioii^EHino C0 2 


Cobmoctho aHajui3HpyioTCH Bee H3B6 ctbm6 k HacTOHipeMy BpeMeun gamine o Ba- 
pnapnnx bbi cot (Tonorpa^HH) Mapca, ocpegHeinme Ha ogHnaKOBHX HHTepBajiax pa 3 pe- 
hi9hhs. ycTaHOBJieno, hto cyMMapnaa pa3HOCTt bmcot Ha Mapce gocTuraeT hohth 
18 KM, HTO COOTBOTCTByeT HBMOH0HHHM gaBJieHHH (C0 2 ) C 2 m6 Ha BHCOT6 12 KM go 
10 m6 Ha ypoBHe 6 km. 

MARTIAN TOPOGRAPHY FROM EARTH-BASED RADAR, EARTH-BASED C0 2 , 
AND THE MARINER 6 AND 7C0 2 MEASUREMENTS, by R. A. Wells. — AH presently 
available data sources of martian topographical variations have been combined and 
smoothed to the same spatial resolution limit. The total height range on Mars is found- 
to be nearly 18 km corresponding to a C0 2 pressure range from 2 Mb at 12 km to 10 Mb 
at — 6 km. 

^aHHLie o Tonorpa$HH OT/tejitHHx o6jiacT&H Ha Mapce 6wcTpo HaKangHBa- 
jihcb b Tenenne npome^mux Tpex jist. 3Ta rrpoOjieMa npentge 6bma npoRMeTo&f 
ROOTaTOHHO npOHSBOJIbHHX Upep^IOJIOKeHHH [lj* B HaCTOHIHee BpeMH M0p<|)0- 

jiorjra noBepxHocTH Mapca b MacniTaS© nops/pta 4000 km mo?k©t HsynaTbCH 

C HCnOJILaOBaHTieM TOHHOft TeXHHKH paRHOJIOKflipiOHHOro 30HRHpOBaHHH H 

cneKTpocKoniiHecKHx onpeReJieHsfi coRepataunfl C0 2 b axMoc^ep© n^raHerw. 

npH COCTaBJieHHH MapcHftHCKOS TOnorpa^HHeCKOH KapTH HCn6JIfc30BaJIIICb 
MaTopnaJiM, KOTopaie U03BOJIHJIH npoH3B8CTH nepBoe onpe^ejreHHe pa 3 HocTew 
bbicot no pajpiojioKaitHOHHbiM OTpaHteHHHM (bbicothi noBepxHOCTen n 3 Mepn- 
iotch no OTCTaBaHHio B03BpaiE;aK)rn;HxCH 9xo),dth MaTepnajiu nojiyneHH IleT- 
TeHrmioM h ftp.- b 4967 r. [2], PoftjKepcoM h ftp. b 1969 r. [3], roJiftcrennoM 
n Rp. b 1969 r. [4], KpoMe Toro, Hcnojib30Bajincb peayabTaTbi onpeftejieHHii 
coflepJKaHHH CCE, noJiyneHHbix BearroHOM h XanT&HoM [5] h yaajicoM [6] ft 
1969 r., a Tanme onpeftejieHJia KOJiHnecTBa C0 2 no ftaHHtiM HH^paKpacHwx 
cneHTpoMexpoB «MapHHepa-6 h7» b 1969 r. [7], 

PeayjrbTar&i Bapra h Xopfta [8], ocHOBaHHbie na ftaHHLix cneKTpocKomm 
b yjiLTpa<J)Hoji©TOBOH oS^acTH, He ynHTMBajiHCb HenocpeRoTBGHEo npn pacne- 
Tax H3~3a HeonpeRGJieHHocTn RonymeHHH b npnMGHHBnieHCH hmh MogejiH aT- 
Moc(|)ep&i. OftHano oth pe3yjiLTaTLi Hcnojib30Ba:iHCb rjih cpaBHesHH c HH<J>pa- 
KpacHHMH cneKTpaMH, ran nan o6ohmh HHCTpyMeHTaMH H3ynaJiHCb npHMepHo 
OftUK H TO >K6 O&iaCTl* nRaiierbt. 

CocTaajrenHo iioboh h 6 onee tohhoh KapTu pejn»e$a HaSjnoRaoMbix oSna- 
cTon Mapca abjihgtch ochobho^ i^eJibK) HacronJuefl: cTaTbH. B cyu^nocra KapTa 
npeRCTaBJiHeT co 6 oii npoMewyTonnyio cryneHb b 6ojigo RSTajibHOM rapMonHHe- 
ckom aHaJraae noBepxHocm, kotoplih aBiop HaReeTcn onySjiHKoaaTb b HeRajie- 
kom 6 y;tyiResr. 

J^aSHHe OpHTHHaJIbHbIX HCTOHHHKOB paCHpeReJIGHbl BecbMa HepaBHOMepHO 
b npeaejiax njiomaRii njiaHeTbi, orpaHnneKHon npHMepHo 50° coBepHoi h 20° 
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Phc. 1. CpaBnenne cpeflHHX bmcot, onpcflenennux no C0 2 Ana mrrepBaJta 0 h 21° N mapOTW n paSHHx flonroT ao HopMajtn3aiiHH (KpuBaa A) h nocae 
nopManasamiH (KpHBaa B ) c paflaputiMH AannwMii (aanoaneKHwo KpyjKKn) b npefteJiax tofo we nmpoTeoro nnTepnajia. Tohkh papapHtix Aannnx hmb- 
iot npeAeaw oiiihOkh b 1 CTaHsapTHoe oTKaonenne h cooTBeTCTB3noT .opHrHHan1.HOMy irpocTpaHCTBeHHOMy- paapeniemno b 300 kjk. /JainiLio no C0 2 6luih 
crnawenH c paapemennoM b 1000 km. PacxowAeflne (ToaeaHan jihhhh) npHAnnae 300 4 nem.3H cwraTB c y me ctbghhmm H3-3a aKcnoneHipaajiBHOH noTepn 
HyBCTBHTBJiBHocTH HBCTpyMeHTa k BHcoTe c pocTOM bhcoth. 3th G0 2 *flaHHiJe HMeioT onent ne 3 naHHTentHWH yflejibnufi Bee b crnalKHBaiompx pucaeTax 




Phc.. 2. Kapia noBepxHOCTH Mapca h h3ojihhhhx mo BucoTa.M, HUTepiioaupoBamibiM iia 6a3e a&hbux, HbipaJKenHbix na npaBHJibHoii 
ceTKe pa3MepoB 5° X 5°. Cnaouinbie Jmnnn cooTBeTCTay kit no.iO/KHTejibHbj.M BucoTaw, upepuBHCThie — oTpimaTe-nbiibiM bwcothm. /Jaii- 
Hhie WThipex hctoihhkob, oficy>KAaeMbix b TeKCTe, neo6xoAHMux a«ih cocTaBaemia 3toh KapTU, Gbi.ui ofi-beAHuenbi ctathct h B een m. 
3amTpHxoBaHHbiii npyr caeaa cooTBeTCTByeT npnG^ii>KeHHOMy pa3\iepy ajieMenTa paapemeHHH. OcoGennocTU MeHbiue, *icm npcAejibi 
pa3peiuounH, Moryx GbiTh uoAencTBMxejibHbiMU. TaK>Ke c ocropo/KHOCTbio caeayeT otiiochtbch k aieMemaM, rooTReTCTByioimiM u.iojih- 

hhhm Ha Kpanx pasBepTOK b eeRepHoii ii kihviioh nojiyccfiepax 



Pnc. 3. MoAejib noBepxHOCTn Mapca, cae-narniaa m 3 nanae-Marae no AannuM pnc. 2. 
3Ta TpexMepHaa Mo^eJib oCecneuHBaeT oojibiuyio HanuiAHOCTb n3M6HeHHH noBepx- 
hocth. B 3amTpnxoBaHHoii ruiomaflu h aCa k>a© hm h orcyTCTB.yioT 


nocKOJibKy paiioHm Ha6;iK>AeHnii nepeKptiBaiOTCH ot hohh k hohii. Tan KaK 
nepeKpwrae no A^JiroTe ne hbahotch nojiHbiM, He3aBHCHMoe aScoJiiornoe 
cpaBHemie c HaaeMiibiMii paAnojioKan^iouHUMM AftHHUMii ne npeflCTaBjiaeTCH 
BosMOHmuM. OftHaKo aBTopi.i paAnojioKapnoHHux HaGjnofleHHH ne npiiBOAHT 
CBeAemin 06 H3MepaeM0M oTKjjoHeHmi peHTpa THHiecni ot reoMOTpHMecKoro 
peHTpa Mapca, nooTOMy mu BiipaBe ncnoJib30BaTb paAnoJioKapHoHHbie AaHHme 
b npeAejiax 0—21° N mnpoTbi ajih onpeAeneHHH Bejmnimu C b ypaBHeHHH (2), 
npii homoiah KOToporo mo>kiio 6ujio 6m paccnniaTb a6conioTHyio «cneKTpocKO- 
nimecKyio* Bbicoxy. B otom caywae bucotu, onpeAeJicniime no norjiomemiK) 
C0 2 , TOHHO HOpMHpOBaHLI K paAHOJIOKapHOHHUM ABHUblM. 

Ha pnc. 1 n3oopa>Kenbi Bapnamm coAepjKaHna C0 2 naA cpeftHen noBepx- 
HocTbio b npeAOJiax 0—21° N mnpoTbi b cpaBHemni c opnniHajibHbiMH ash- 
hmmh paAHoaoKapnoHBbix n3MepeHiin [2, 3], othochiauxch k toh j«e naoipaAH. 

gamble no C0 2 , nojiyneBHbie «MapnHepoM-7», t&khw 6i»ijih nopMHpoBaHU 
k pa.AHOJiOKarpionnuM M3MepenuHM [2, 3]. 3to OKa3ajiocb bo3.mo>khum 6.iaro- 
Aapa AByM nepeKpuTHHM nojioc «Mapnnepa-6 h -7» c paAHOJioKapnonHUMH 
pa3B6pTKaMH. 

PaAHonoKan,nonnme AanHue, nojiyneHHue TojiACTeMHOM u AP- [4], aobojib- 
ho yAOB.neTBopHTejibiio coraacyioTCR c AanHUMH llerTenrHjia h aP- [2] n Poa- 
jnepca it AP- [3]; oAHano HeGojibinan noaoiKHTejibnaH KoppeKijHH nopnAKa 
0.7 km a aHHmx TojiACTenHa cymecTBeHHO yjiyninaeT AonoJiHHiejibHO oTMenen- 
noe corjiacoBanne. 

nepeA crjiatfuiBamieM c HcnoJibBOBanneM ypaBHeHHH (1) Bee HMeioin,necH 
b nameM pacnopawennn pe3yjibTaTU 6 u.th npHBeAeHm k paAno.TOKapHOHHOMy 
HyjieBOMy ypoBHio. /lairame Bcex neTmpex rpynn 6 eijih 3BTCM o6 r beAHHeHbi c 
noMoiAbio ypaBHeHHH (1). PeayjiBTaT noKa3an Ha pnc. 2. CnjioinHbiMn h30jih- 
hhhmh H3o6paJK»Hbi B03BbimeHHH, npepuBiicTUMu — Bna/pram. HanSonee npn- 
noAHHTbi ynacTKH njiaHeTU b npeAenax Tharsis n Tempe - ot 7 ao 12 km. 
Han6ojiee onymennun ynacTOK pacnonoHceH b Memnonia — okojio —0 km. 
CyMMapHbiff uepeiiaA bucot paBHHOTCH 18 km h cooTBeTCTByer naMeneHmo 
AaBJieiiHH 'iHCToti C0 2 ot ~ 2 m6 ao ~ 10 m6. 
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Ha piic. 3 noKaaaHa HOftent n ob epxHocTH, H3roTOBJieHHaH na nanbe-Mame, 
no AaHHtiM pHc. 2. IlepenaAti bucot Ha btoh xpexMepHoi Monejm 6o;iee 
HarjwflHLi. 

npe^cTaBJiseT HHrepec cpaBHeHHe Kaprtr c ToaKaMH KacaHHH cHTHanoB 
c «MapHH©poB». Ha mecTK xohbk c «MapHsepoB -4, -6 h -7j> iwibKo oflfla no- 
na^aeT HenocpeAcxBeHHo H upeAenu KapTbi. 3 to ToaKa bxoaa b pamroTeHt 
^M^imepa^w c KoopflHHaTaMH 3.7° N; 4.3° W; aaBJieHHe b aroa tohkc 
o.oitu.t) mo L lUJ . Oho cooTBexcxByox bucoxhomy HHTepBajiy 0±1 km- na 
Kapie ToaKa paoKwionteHa Meawy h30Jihhhhmh 0 s 1 km. yTOTBiBaa, <m> mg- 
TO^ KacaTOiHBHHIX TOnGK OCHGBUBaeXCH Ha XVaHTeHHHaJIBHOM KaoaHHH UJiaHe- 
TapHoro JiHMDa, coBnaAemie CJieffyex cwraxb BecbMa yAOBJieTBOpHTenbHUM. 

/JerajibHUfr anajina ckaqhob, KoppejxaitHfl bbicot h KpyTH3HH ckjiohob c 
ajiboe^o noBepxirocTH h flaHHBie rapMOHiraecKoro aHaJinaa SysyT ony6nHKO- 
BaHH iioafliiee. Mowmo, OAHaKO, npHHXXt k aaiunoaeHHio, hto, h o-b iiAHMOMy, 
H6 cymecTBycx cbhsh Me»wy bmcoxbmh h KpyTH3HOH okjiohob, C orhoh cxopo- 
Hfai, H ajibGefto nosepxHOCTH — c Apyron. MaKCHMaJibHwa yKJioH (no bcoh Be- 
poHTHOcxir, nopHAKa 3 ) xapaKrepos ppm boctohhoh hbcth Syrtis Major n 
okojio 1 Ana ioro-3anaAHoro cKJiOHa bo3blihiohhocth Tharsis h boctouhoh 
aacxH Hellas Hellespontus. HajiHHHe KpynHLix 6 jiokob h SaccenHOB Ha 
Mq'pce, no-BHAHMOMy, of>H3ano obojiiohhh BHyTpeHHHx nacTeS HJianexM. BuecTe 
co CACJiaHHWMM «MapHHOpaMH» <$oTorpa<J>HHMH aanojmeHHOH mhojkoctbom 
K paTepQB HOBepxHOCTH 3TOT $aJtT CBHAerejiLcrByeT o xom, hto Mapc HBjmeTca 
mGpHAHOH njiaaeTOH MejKAy 3©MJieii h JlyHoa b reo^nsHHecKOM cMucjie 3 bo- 
JIIOAHOHHLIX npOHeCCOB. 

Abtop SjiaroAapHT M. JJ,h c C. BejixoHa h M. Xalnrena 3 a npeAfrCTaBJieH- 
Hyio b 03M oh< h ocxb HonojibsoBaxb hx oSopyAOBaHHe h 3a ynacTue b oKOHaa- 
xeJiBHOH o6pa6oTKe H3MepeHHH GOj c 3eMjni; F. X. IleTTeHrHjia h A. E. E. Poa- 
»epac 3a npeAOCTaBjieHHyiO Heony6jraKOBaHHyH> nH$opMaip«io paAHOAOKaAH- 
ohhwx H3MepeHHH 1967 n 1969 it,, P. M. TojiACTeiiH 3a paAHOJioKapHOHHUe 
AaHHbie 1969 r.; K. C. Xepp h F, G. nrareHr©B 3a corjiaciie Hcnojib 30 BaTb 
A aHHLi e hkc «MapimepoB-6 h 7» h C. A, EapT h C. y. XopA aa HcnojibaoBaH- ' 
sue yO-cneKTpu «MapnHepOB-6 h 7». Abxop TaHJKe 6,xaroAapHT B. Buaesa 
aa n 0 M 0 UDp> npn nepeBOAo oxaxbH Ha pyocKiia h 3 uk, 

JlaGopaTopiiH icoCMHaecKHX HccaeAOBaHHn nocTyna^a b penaKHHio 

Ka;m$opHHHCKHfi ywxB&pcmeT i bsoosi 197 i r 

BepnaH, KaaH&opHHH 94720 
ClflA 
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TO NATU 


PHYSICAL SCIENCES 

Mars: Are Observed White Clouds 
composed of H 2 0 ? 

Martian clouds have been classified* into Type I, which are 
visible at short optical wavelengths, and become gradually 
invisible as the wavelength increases; and Type II, which are 
visible at long wavelengths, and fade into invisibility when the 
wavelength decreases. The three principal kinds of observed 
Martian clouds— -yellow, white, and blue — can be categorized 
as Type I, blue; and Type II, yellow and white. This distinc- 
tion is essential. Yellow and white clouds arc classified 
together because they are visible in the same wavelength range; 
yellow clouds are dust clouds and will not be described 
here. 

The composition of white and blue clouds is uncertain, 
although their physical distinction has been evident for some 
time 2 (Fig. 1). The positive polarization branch for blue 
clouds between phase angles 0° and 20° implies that they are 
made up of much smaller particles than white clouds, whose 
polarization over the same phase angle range is negative. This 
property explains the separate spectral categorization: smaller 
particles 'scatter shorter wavelengths more efficiently than 
larger particles. I have revised my lists of white cloud occurren- 
ces that have been observed on Mars for the past century 3 by 
measuring the areographic coordinates of the clouds listed in 
Table lib of ref. 3 on photographic plates of Mars, and examin- 
ing the instances of clouds which have been measured polari- 
metrically. 



pare the branches between phase angles 0° and 20 s . 


The value of polarization as a function of phase angle pro- 
vides a nearly unambiguous means of distinguishing between * 
white, blue, or yellow clouds, thin at mospheric veils, and surface 
frost deposits. Yellow and white clouds and surface frost have 
similar appearances on black and white photographic plates, 
and in the absence of polarization data supplementary infor- 
mation must be used to help distinguish the type of pheno- 
menon. For example, does the phenomenon occur on the 


limb of the planet; what is the planetocentric location of the 
occurrence; the season of the Martian year; and the telescopic 
colour appearance of the phenomenon (if available) at the time 
the photograph was made, compared with the brightness of 
the polar cap ? 

More complete details of Martian clouds and their detection, 
including the new lists, will be published later. 

The revised list of white clouds contains 252 occurrences 
which are divided as follows: telescopic reports in the litera- 
ture in which colour distinction and identification as a cloud 
rely solely on the original observer (1858-1941), 27%; 
photographic plates in which I made identifications according 
to the guidelines established previously (1937-1963), 40%; and 
identification by polarimctric methods (1954-1971), 33%. The 
percentage categories are listed according to increasing accu- 
racy of identification as white clouds. In those instances where 
the years of observation overlap the different methods, some 
clouds were identified by more than one method. This provided 
a valuable cross-check on the reliability of the less accurate 
means of identification. 

I previously made a comparison 4 between the latitudinal dis- 
tribution of white cloud occurrences on Mars and the early water 
vapour data of Schom et ai. 5 . In the region of the Martian 
orbit where their spectra overlapped the cloud distributions, the 
frequency of white clouds in the northern hemisphere was between 
three and four times larger than in the southern hemisphere. 
At the same time, water vapour was more prevalent in the 
northern hemisphere, indicating that Martian white clouds 
could be composed of water. But the spectral H 2 0 data were 
not very extensive in seasonal coverage so that agreement 
between white cloud frequencies and the abundance of water 
vapour could have been fortuitous. Since then, Barker et al. 6 
have summarized all available H 2 0 data up to 1969 in the form 
of a seasonal coverage chart. These data have been revised 
and extended to 1971 by TulF. 

I have made a direct comparison of these data with observed 
white cloud frequencies (Fig, 2) by plotting H 2 0 abundances 
and white cloud frequencies against L s , the planetocentric 
longitude of the Sun (the heliocentric orbital longitude of Mars, 
T], and the planetocentric longitude of the Sun are approxim- 
ately related by r\ - L s + 85°), The 252 clouds were counted in 
18° intervals of heliocentric longitude, and the points of the 
frequency polygon were plotted on the interval mid-points in 
terms of L t . On the right ordinate, the relative cloud frequency 
scale has been adjusted by prior sliding of overlay plots so that 
the variations in cloud frequency and H 2 0 vapour can be seen 
to best advantage. 

The top diagram shows the cloud frequencies compared with 
the original H 2 0 measurements. The filled circles in the range 
280° <£.,< 360° are recent observations 7 from the 1971 Mars 
apparition. Those points enclosed within the dashcd-line 
envelope represent measurements made between October 1971 
and January 1972 during the maximum activity of the yellow 
dust storm which enveloped the planet during this period. 
These observations reflect only the H 2 0 vapour above the 
yellow clouds 7 . Observations of global C0 2 pressures 8 and 
the Mariner 9 photography 9 during the same period indicate 
that the tops of the yellow clouds are at an altitude of either 
10 km or 40 km depending on whether a single- or multiple- 
scattering layer model is used. 
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Fig. 2 Global white cloud frequency distri- 
bution based on 252 occurrences around the 
Martiari orbit compared with the observed 
abundance of water vapour as a function of 
season on Mars. In the upper diagram, 
vertical arrows point downwards from upper 
limits, Schorn et at. J ; x , Schorn et a/. 5 ; 
O, Owen 19 ; +, 3, Tull 16 ; o, Kaplan et 
al, 20 ; O, Barker et al. 6 ; Q, Tull and Bar- 
ker 7 . In the middle diagram, the cloud 
frequency (©—Si) is compared w ith a 5-point 
running average of the H 2 0 data (O — O) 
in the upper diagram, omitting the points 
enclosed by the dashed envelope. The lower 
diagram shows the polar caps diminishing 
with season as determined by Antoniadi lu . 



The other five points between about L, = 350 o -360° refer to 
observations made towards the end of February and the 
beginning of March 1972 after the dust storm had subsided. 

The middle diagram shows the distribution of cloud frequen- 
cies compared with a five-point running average of the H 2 0 
data points in the upper diagram. The ten points enclosed by 
the envelope in the top diagram were omitted from this averag- 
ing process because of the influence of the dust storm. 


Table 1 Rank Correlations and Significance levels for Figs. 2 and 3 


Signifi- 

cance 

level 

Normal 

2 

deviate 

Spear- 

man’s 

R 

No. 

ranks 

s.e. 

Calc. 

z 

deviate 

Null 

hypothesis 

rejected 

0.200 

0.67 






0.100 

1.65 

0.74 

20 

0.229 

3.23 

Yes 

0.050 

1.96 

0.56 

7 

0.408 

1.37 

No 

0.020 

2,33 

0.94 

6 

0.447 

2.10 

Yes 

0.010 

2.58 






0.001 

3.29 







A peak in cloud frequency of 9.5% at L s = 211° appears to be 
out of place. It would have been desirable to have had more 
H 2 0 data between L,= 150°-230°, but it is clear that the varia- 
tions in cloud frequencies are correlated with those of the H 2 0 
abundances. For if intervals of cloud frequency are ranked by 
increasing frequency with the corresponding increases in H z O 
abundances, Spearman’s rank correlation gives ft = 0.74. 

An exact test for the level of significance of the rank correla- 
tion coefficient is laborious since there are 20 ranks; however, 
if the standard error of R is approximated by (« — l ) -1 12 = 0.229 
for the n ranks, then the normal z deviate is 0.74/0.229 = 3.23. 
The significance test rejects the null hypothesis because at the 
\% level z= 2.58 and at the 0.1% level z=3.29 (Table 1). T 
therefore conclude that the correlation between white cloud 
frequencies and H 2 0 abundances is significant. 

The bottom diagram of Hg. 2 shows the decreasing size of 
the Martian north and south polar caps with season 10 . Clearly 
more H 2 0 and white clouds occur in the atmosphere when the 
polar cap size is at a minimum, U is known from observation 1 1 ■ 1 * 
and theory 14 that the Martian polar caps are primarily frozen 


C0 2 , although theory admits a two-layer model composed of 
both frozen C0 2 and H 2 0 ice. Also, recent measurements 15 
from Mariner 9 have indicated the presence of H 2 0 vapour 
over the south polar area. 

It is interesting to compare H 2 0 abundances with those of 
white clouds as a function of latitude on Mars. Tull ,fi has 
published H 2 0 abundances distributed by latitude and meas- 
ured on 2 days separated by a month in March and April 1969. 
During this period, Mars ranged from about ri218° to 231° 
heliocentric longitude. Two 18° intervals contain a statistically 
significant cloud count corresponding closely to these dates, 
71216° to 233° and T| 234° to 251°. 

In these intervals 43 clouds occurred and are divided as 
follows: telescopic reports in classical literature, 12%; identi- 
fication by photographs, 39%; and identification by polar- 
ization, 49%. Clouds were counted in 10° latitude intervals 
(Fig. 3). 



Fig. 3 White cloud frequencies distributed by latitude 

for the portion of the Martian orbit between q216°-251° 
compared with the H 2 0 abundances determined by Tull 16 . In 
the upper diagram, observations for March 27 are denoted by 
© ami for April 28 by O. In the lower diagram, the cloud 
frequency (© — &) is compared with a 5-point running average 
(O — O) of the H 2 0 data in the upper diagram. 
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The filled circles in the upper diagram are Tull's H 2 0 
abundances for March 27, the open circles for April 28. In the 
lower diagram a 5-point running average lias been applied to 
the H 2 0 data. Over Ihe portion of the diagram from about 
-30 c S to about 25° N, the correspondence between the cloud 
frequencies and H 2 0 abundances is quite good. 

In the lower diagram, there are 7 frequencies between - 25° S 
and 35° N which have matching H 2 0 data. But for these 7 
ranks Spearman’s correlation coefficient is only 0,56. For less 
than 10 ranks a significance test may not be valid; however, line 

2 of Table I gives the standard error and calculated z deviate. 

The calculated value, 1 .37, docs not exceed that expected for the 
10% significance level; therefore, the null hypothesis cannot 
be adequately rejected. On the other hand, if only the 6 
points between ± 25° latitude are ranked with the correspond- 
ing water vapour data, In that case the calculated z 

deviate, 2.1, exceeds the 5% level and is close to the 2% level; 
hence, this correlation is probably significant (Table 1). 

It is not necessarily the case that observed cloud frequencies 
will always follow H 2 0 abundances. In Fig. 2, for example, 
the trends are averaged over an entire Martian year; in Fig. 3, 
the trend is a monthly average. Many atmospheric conditions 
will affect the rates of condensation and/or sublimation and thus 
cloud formation. In particular; the severe drop in cloud fre- 
quency between latitudes 35° and 45° N poses an interesting 
problem. It suggests that perhaps some atmospheric process 
is suppressing cloud formation, other factors being equal. 
But an equally vexing problem is posed by the apparent rise in 
cloud frequency in the opposite hemisphere at —35° S latitude, 
if indeed this is real. Over this range of the Martian orbit, 
the northern hemisphere is experiencing summer, while the 
southern hemisphere is in winter. . This fact may affect the 
vertical temperature profiles and hence the H 2 0 condensation 
rates which could explain the cloud frequency peak in the one 
hemisphere and the minimum in the other. 

Although Martian white cloud frequencies tend to follow the 
distribution of H^O both seasonally and latitudinally on the 
planet, which strongly suggests that most white clouds are 
formed from water vapour, evidence for the composition of 
the blue clouds is still lacking. 

Polarization data (Fig. 1) indicated that blue clouds are com- 
posed of much smaller particles than white clouds. This dis- 
tinction implies cither a different composition for blue clouds 
or a different physical environment in which they form, or 
both. The observation by Herr and Pimentel 17 of solid C0 2 
crystals above the planetary limb during the flights of Mariners 
6 add 7 and the meteorological analysis of this observation by 
Hess 18 indicate the possibility of two layers of condensation on 
Mars. Hess 18 pointed out that if C0 2 condensation takes 
place in the upper atmosphere of Mars, then H 2 0 condensation 
at lower levels is almost a certainty. So it is possible therefore 
that Martian blue clouds are composed of C0 2 ice. 

I thank R. G. Tull for an advanced copy of the Martian H 2 0 
observations conducted at MacDonald Observatory and the 
seasonal coverage chart, and A. Dollfus for permitting examin- 
ation of the detailed collection of polarization measurements 
and the photographic plates at the IAU Mars Data Centre, 
Observatoire de Parrs, Meudon. This investigation was. 
supported by a NASA grant. 
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R. A. WELLS 

Space Sciences Laboratory , 
University of California , 

Berkeley , California 94720, USA 


Martian, Lunar, and Terrestrial 
Crusts: A 3“Diinensioiial Exercise 
in Comparative Geophysics 


Five years ago Runcorn (1967) wrote that \ . . the possibility of convection makes 
a careful study of planetary surfaces for indications (however different from those 
of the Earth’s surface) of internal activity* volcanic or tectonic, even of the most 
feeble kind, of great scientific significance.’ 

Although covering only about 10% of the Martian surface, the photographs 
returned by Mariners 4, 6, and 7 revealed little in the way of internal crustal activity. 
Some tectonic evidence in the form of parallel lineaments and polygonal crater walls 
was all that could be gleaned from these photographs pertaining to internal mecha- 
nisms at work on Mars. 

However, this situation changed dramatically even with the first few photographs 
of the surface taken by Mariner 9 after the planet-wide dust storm cleared in mid- 
January 1972. These photographs revealed indisputable calderas with all of the 
terrestrial morphology present: rising shields surmounted by lava channels, the 
primary caldera with smaller subsidiary craters in their floors, stepped benches on 
the inside of crater walls, and both arcuate and radial fault patterns surrounding 
each province. Later photos showed widespread. lava flows, sinuous lunar-like 
rilles, large-scale fractures, and massive faulting and slumping. In one case in parti- 
cular, a rift zone was discovered near the Martian equator extending 5000 km in a 
nearly east-west direction with widths approaching 100 km. The depth of the main 
fracture varied from 2 to 7 km along this length. 5000 km on Mars is approximately 
80° of longitude, nearly a quarter of the distance around the circumference. Thus, 
the feature is even more imposing than the East African Rift System. 

In a large proportion of photographs, many features were clearly controlled by a 
tectonic grid pattern indicating orthogonal sub-surface prestressing prior to the 
eventual surface expression. (See McCauley et al . (1972) for photo geology.) 

The major geological feature on Mars can be summarized with one word— 
volcanism. Although this revelation does not necessarily imply that convective 
processes have operated in the Martian mantle, it nevertheless points to far more 
crustal activity than had been supposed. 

Prior to these later discoveries, the author (Wells, 1969a, b, 1971) put forward the 
hypothesis of continental drift and sea-floor spreading to account for presumed 
continental-type blocks and basin structures on Mars. This hypothesis gained support 
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when actual blocks and basins were eventually mapped (Wells, 1969c 1971 19721 
on a scale whose areal extent matched the blocks and basins of the Earth. The Martian 
features were revealed in a contour map (Wells, 1972) prepared from the combination 

^ radar ranging data ' Earth-based C0 3 pressure measurements over 

resolved Martian areas, and the Mariner 6 and 7 IRS and UV pressure determinations 
along limited tracks on the Martian surface, 



at the zero level, hence, slopes bordering their edges are fictitious, 


Figure 1 Contour maps of the Earth, Mars, and the Moon The zero level refers 

of each body. For the Earth, the I' grid data of Lee & Kaula (l967) were onto aTer,^'' a 

each data point smoothed to a resolution of 1000 km so that the scale nr ih„ ^ a °d 

Mars ; T he l,inar conwur 

] y w; sclcnodttic control measurements in the same nnnner Tin^ uvw v , , \ * , 

the cross-hatched circle a. the left of each map. The comp, contour ^oXTSa's^T^ 
interpolation between adjacent grid points. 
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The data from this contour map have been plotted by a computer in the form of a 
three-dimensional perspective view. Similarly, the total Earth topography (Lee & 
Kaula, 1967) and the selenodetic altitude measurements of the lunar front-face 
(Meyer & Ruffin, 1965) were processed by the same equations to the same scale 
used for the preparation of the Martian contour map. 

Figure 1 compares the contour maps of the Earth, Mars, and the Moon prepared 
in this fashion. South is placed at the top to conform with the Astronomical con- 
vention of depicting maps of the Moon and planets. The cross-hatched circle on the 
left of each contour map represents the resolution (1000 km) of each data point in 
the 5° grid of values contoured by the computer. This resolution is set by the best 
available for the Martian contour map. The zero level in each case refers to the mean 
radius of the body concerned. 

Figures 2 and 3 show the comparison of the large-scale features in perspective 
for the three bodies. Vertical scales are the same for each of the three views to permit 



Fioure 3 Perspective views of Earth, Mars, and the Moon rotated 90’ with respect to Fig. 2. The 
views are looking towards the SW from an elevation angle of 20°. 
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Figure 4 A comparison of the hypsometric curves of the Earth, Mars, and the Moon prepared by 
tracing the contours of Fig. 1 on an equal area projection. The abscissa denotes the areal frequency 
and the ordinate the altitude of the surface. The fractional areas mapped for each body are listed with 
the symbol definitions in the inset. Zero altitude refers to the mean radius of the body concerned. 


a direct comparison of the sizes of the features seen. Grid intervals are 5° in both 
latitude and longitude for each case. 

It is evident that the blocks and basins on Mars are more nearly comparable with 
those on the Earth than with those on the lunar crust which reveals only gradual 
undulations. The range of heights for the Earth is il km; for Mars 18 km; and for 
the Moon 5 km. 

Hypsometric analyses of the three contour maps drawn on an equal area pro- 
jection are given in Fig. 4. An interpretation of the nature of the peaks in areal 
frequency as a function of altitude in terms of isostatic mechanisms cannot be made 
without supplementary information regarding the density, temperature, and composi- 
tional distributions within the bodies. However, a bi-modal distribution does imply 
a change in slope from the highest features to the low points of basins; whereas a 
unimoda! distribution signifies a constant slope from the tops of the highest areas 
to the bottoms of the lowest regions. Thus, Fig. 4 also implies that the Martian 
crust is, at least geometrically, more like the Earth than the Moon. 

The presence of large-scale blocks and basins on Mars, and the recently detected 
widespread volcanism, extensive faulting and rifting of the Martian crust do not, 
of course, guarantee a ‘continental drift and sea-fioor spreading’ theory for Mars, 
which may be even more difficult to firmly establish than it has been in the terrestrial 
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case; but they at least strongly suggest that Mars has at some time in its history 
undergone formative processes similar to those of the Earth. 

Within the next few years, the study of the Martian crust and the development of a 
Martian geophysics will undoubtedly provide valuable information of interest to 
the terrestrial environmental sciences. 

A more complete discussion of Martian geophysics, including current spacecraft 
results integrated with past Earth-based observations, can be found in Wells (1973). 

Supported by NASA grant NGR 05-003-431. 

References 

Lee, W. and Kaula, W. M., 1967. J. Geophys. Res., 72, 753. 

McCauley, J. F., Carr, M. H., Cutts, J. A., Hartmann, W. K., Masursky, H., Milton, D. J., 
Sharp, R. P., and Wilhelms, D, E., Icarus, 17, 289 (1972). 

Meyer, D. L. and Ruffin, B. W. Icarus , 4, 513 (1965); A.C.I.C. Tech, paper No. 15, March 
(1965); A.C.l.C. Report RM-698-1, October (1966). 

Runcorn, S. K.., 1967, In: Mantles of the Earth and Terrestrial Planets, edited by S. K. 

Runcorn, p. 513. Interscience (Wiley), London. 

Wells, R. A., Geophys. J.R.A.S. , 17, 209 (1969a); Ibid., 18, 109 (1969b); Science, 166, 862 
(1969c); Phys. Earth Planet. Interiors , 4, 273 (1971); Geophys . J.R.A.S., 27, 101 (1972); 
Morphology of the Planet Mars, D. Reidel, Dordrecht, in preparation (1973). 



D. REIDEL PUBLISHING COMPANY, INC./BOSTON-U.S.A. OT 

306 DARTMOUTH STREET - BOSTON, MASS. 021 I 6 , U.S. A, - TELEP HONE ( 6 I 7 ) 53 6 - 5 5 3 Z - TELEX 94054 I 


Series 

ASTROPHYSICS AND SPACE SCIENCE LIBRARY 

43 


Title 

MORPHOLOGY OP THE PLANET MARS 

. 


Author 

R. A. Wells (University of California, 

Berkeley, 

Calif.) 

Other 
Info , 

1974, approx. pp. 

Cloth, approx. Dfl. . - / U.S. $ 

LC 72 
ISBN 

-92537 

90-277-0150-4 


Text 


In the past twenty years, published investigations concerning 
the planet Mars have steadily increased. Through the successes 
of a number of American and Soviet space probes, knowledge of 
the Martian surface and atmosphere has been brought into sharper 
focus than ever before. This text deals with the basic Earth- 
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inferences from visible and near-infrared reflection 


spectra; 


presents the morphology of the polar caps and surface from 
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of the most intriguing of the Mariner 9 photos; and shows the 
classical problem of the so-called "oases and canal" system 
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volcanic calderas, and chains of large-diameter craters and low 
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surface is treated at length and contour maps of surface 
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"areoid". Also discussed are observations of the Martian 
gravity field calculated from perturbations on the orbits of 
Mariner 9; the non-hydrostatic figure of Mars which is shown from 
Mariner 9 occulation measurements to be real and to agree 
essentially with the Earth-based optically determined flattening 
of the planet; gravity anomalies and areal frequency distri- 
butions of surface elevations which show that Mars possesses 
blocks and basins similar to the terrestrial continents and 
ocean basins; and, finally, the relationship between the gravity 
field and stresses in the crust calculated and related to 
convextion in the mantle and its implications of possible 
continental drift on the surface. 

Each chapter contains an extensive bibliography. The text is 
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